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EXECUTIVE SUMDMIARY

Secunty assistance to the Third World will remain a vibrant topic in the American political dialogue tor
the foresceable future. While specific issues are fraught with political, economic, ethical, anu emotiona
overtones, analysis of the military dimension is inscparable from the decision making process. The mili-
tary analyst’s charter is to provide decision makers with comprchensive assessments of arms transfer alter-
natives, probing their contributions to recipient force structure modemization and forecasting their
impacts on regional military stability.

In this pursuit. some form of quantitative analysis is inescapable, be it as simple as the tabulation of
military inventories or as complex as a sophisticated war gaming model. No matter the complexity of the
technique employed, its processes must be transparent to the decision maker and its content malleable to
his priorites and perceptions. At the same time, the technique must be slaved to the objectives and com-
ponents of the analytical question, not vice versa. To assist arms transfer policy muking, the assessment
of potential capabilitics to conduct definable operations in a specific environment is vital. To do less is to

leave cntical stones unturned.

Simple tabular techniques have a place in the panoply of military analysis, but their results can rarely
be translated nto militanily relevant conclusions. The systematized aggregation of performance and force
propagation characterstics is an clemental attribute of any model which purports to assess combat capa-
bulities. The objective of this rescarch effort has been to develop a methodology which captures these
facets and aggregates them according to their relative utilities in generating potential combat outputs.

Using air weapon systems (125 aireraft) and the Middle Last: North African region (22 countries) as a
developmental test bed, the study began by evaluating the asscts and habilities of carlier aggresational
methodologies.  Factor analvsis stood out because of its ability to consolidate multiple variables into
common attnbute pertormance measures. However, its combinational logic is haphazard when applied at
the weapon system level, and its output measures are not legitimate candidates for aggregation at the toree
level. Multi-attnbute utlity technigque produces a judegment based combinational matnx but 15 adminis-
tratively unwaldly and naturally applicable only to ratio level data. The weighted lincar agorecation tech-
mque developed by The Analvtic Saences Corporation incorporates expert judgment and processes data
of any measurement level but cannot accommodate multi-vanable attnbutes and 15 msensitine o per-
formunce vanations within broadly defined subsystem categories. Whatever ats strengths or weaknesses,
cach methodology demonstrated the enticality of solid and comprehensive data mput to the production of

meamngful results.
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To guide the data collection process, a matrix was developed the key elements of which constitute
the components implicated in assessing force air combat capability. Two essential elements, air weapon
systemn performance and force propagation potential. were positioned at the apex of the framework. They
were divided into the subcomponents which define their basic dimensions. Along with the various cat-
egonies of subsystem, the air weapon system performance group included a family of factors which relate
the subsystems in terms of configuration and combat utility. On the force propagation side of the ledger,
inventory, mussion allocation, and sortie generation subcomponents were identified. The importance of
intangible factors such as operator proficiency and c support was acknowledged. but their consideration
deferred to other rescarch efforts. Each subcomponent thus identified was further divided into the per-
formance attnibutes which contribute to its operation. These ‘were in tum subdivided into the varables
which describe those attnbutes.

Data collection was accomplished using open source data. Certain artifical constraints were estab-
lished to expedite the process. Only fixed wing aircraft with direct combat application in recent or future
Middle Eastern combat scenarios were considered. When data were unavailable, they werr estimated
using the most accurate technique which could be supported. In some instances, specific data values are
consequently open to challenge. While the possible inaccuracies are lamentable, they are not fatal to the
evaluation technique itself and can easily be revised in subsequent applications. Since the methodology
aimed to support the development of future arms transfer policies, national air combat inventorics were
anchored with known data from the past two years and projected out to 1990. A unique data set was
collected to determine the relative utilities of attributes and subsystems in definable combat roles. A pancl
of 25 fighter experts familiar with Middle Eastern air operations was polled to ascertain their views on the
relationships which obtain among attributes and subsystems in four different mission arcas. The results
were synthesized statistically and recast as relational variable volues to be emploved during the weapon
system combinational phase.

Only after an analvtical structure had been articulated and supporting data collected was a data
reduction scheme devised, reversing the process followed in some other rescarch effesis. Factor analysis
was employed to ¢ -ate relative index values for attributes described by multiple variables. Targeted at the
attribute level, this minimalist version of the factor analyvsis methodology purged the indices of extrancous
variable influences. Ratio properties were restored to the idices through the utilization of a zero-valned
control case the factor score for which constituted a threshold trom which other scores in the Jata set
could be scaled. Variables described by nomunal values were not included in the factor problems o pre-

clude therr distorting influences but were reserved for introduction i the aggregation process.
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The computational phase itself was adapted with a few major vanations from the linear equartions
developed by The Analytic Sciences Corporation. The process was initiated at the bottom of the analst-
ical ladder, combining subsystem attributes. Expert assigned values for nominally described variables were
used to modify the raw attribute scores extracted from the data reduction phase. Attribute scores were
combined in accordance with their rclative air combat utilities in each mission arca. An analogous proce-
dure was followed at the subcomponent and component levels, with the computations not only consider-
ing relative utility values but also conforming to specific air weapon system configurations. The product
is a set of relative combat potential scores (Air Combat Potential Units) for each of the 125 air weapon
systems in whatever mission roles were appropriate.

Force propagation values were computed in a somewhat different fashion. National aircraft invento-
ries, mission allocations, operational availability rates, maintenance requirements, and maintenance
resources were considered in a series of equations which computed the sortie gencration potential for cach
possessed air weapon system in those roles to which it would likely be committed. To tllustrate the
impact of personnel force quality on sortie gencration, an additional force level factor, the relative support
index, was also injected into select force propagation equations. Since the vanables on which the suppont
index was predicated are considered ‘soft’ surrogates for personnel quality, its general application is not
recommended. However, it profound influence testifies to the requirement for such intangibles to b
considered objectively or subjectively in force propagation and air combat analysis. In the ultunate com-
putational step, air weapon systemn mission potentiil and national force propagation potential were mated
to produce an estimate of a country’s air combat potential in four mission roles on a single day of flyving.

The results of the aggregation phase were reviewed to determine their efficacy both at the air weapon
svstem and national force levels. The results conformed to intuitive assessments and poignintly demon-
strated the desirability of employing a analyvtical scheme which aggregated the cumulative effects of system
and force subcomponents on specific mission outputs. To further exercise the model, a phased analysis of
a specific arms transfer proposal (advanced air defense fighters for Jordan) was conducted. "The model
showed 1itself to be responsive to the type of modifications a decision maker might stipulate i evaiuating
speaific weapon system alternatives, gauging their contribution to torce capabulitics under vanvmg condi-
nons, and analyzing their umpact on regional military balances under ditfering contlict scenarios

The air combat potential aggregation methodology proposed in this study 1s a powerlul and fleable
mechanisi with which to analvze the composition. benefits, and liabihties of air weapon sysiems individ-
nally and at the force and rewonal levels. s underlvinge phidosphy, analvneal tramework, and combana-
tional scheme are extendable to other regions, categones of weapons, and anadvtical problems But the

present model has its drawbacks. Solelv relving on undlasaticd data sources, values for some entical var-

ety L et et e tat et et et a A aa imdalofie cadadobofolobolofeobed o do oo o .



ables had to be estimated. Consequent inaccuracies were inevitable. The linear combinational form used

to aggregate values at each step in the process fails to capture the synergy among subcomponents, partic-
ularly in force level calculations. Unquestionably vital factors such as operator proficiency, cll support,
and the ground air defense environment were not considered in the prototype. These elements need to be
introduced i a fully proficient model or considered in modifving its results. Finally, the prototype as
currently configured is not amenable to ‘user-friendly” micro-computer processing. Creation of a respon-
sive micro-based system 15 eminently feasible but requires additional developmental effort.

Each of these liabilities is surmountable and represents fertile ground for additional effort within the
intelligence community. Utilizing the methodoligical framework and procedures, a classified data base
could be ecasily created and expanded to include additional aircraft, subsytems, and regions.  Analvtical
subsets addressing elements of the ground air defense environment could also be introduced into the
model relatively painlessly. Of greater complexity is the development of algonthms which capture the
synergy among system and force components. One possibility is to attempt adaptation of existing air
combat simulations to define an alternative non-linear aggregational scheme. Integration of combat rele-
vant intangibles is a similarly complex challenge. Reliable mathmatical representations might not prove
possible, but the influences of operator proficiency and the like can be reasonably assessed by weapon
svstem and regonal experts and applied subjectively in interpreting model output.

The air weapon system potential model is not a predictor of combat outcomes, but it docs provide
the decision maker with finely textured and responsive static indicators of individual weapon system and
force potential. These indicators are essential points of departure in evaluating the military dimension of
sccurity assistance options. With the enhancements described above, the methodology developed n this
rescarch etfort represents a productive vehicle for intelligence community participation tn the sccurity

assistance policy development process.




N ae e s e et e ot S S i 0 0 Al dan A A ale A A e e sl ate s ste b b oA A A BR R SR Acstal 34 BEER ST

PREFACE

This technical note was prepared under the auspices of the Director of Central Intelligence’s Lxceptional
Intellgence Analyst Program. [t was onginally conceived as a wide-gauged historical treatment of arms
transters to the Perstan Gulf Southwest Asian region, the findings of which could serve as a base for
future forecasting. I'rom the outset, it was recognized that the essential cog in the analvtical wheel was
the methodology which portraved the effects of military equipment transfers on recipient combat capabili-
ties and regional stability. It had been assumed that existing analytical methodologies would be sutficient
to the task.

That assumption proved fallacious and caused a reorientation in study objectives. Development of a
model to index and aggregate combat potential became the focal point of the research effort. Owing to a
variety of factors, not the least of which was my own limited expertise, the ficld of study was turther nar-
rowed to wir weapon svstems. The temporal emphasis also changed as the study evolved. The develop-
ment of a responsive mechanism to support future decision making emerged as a more compelling chal-
lenge than charting the histonical evolution of Middle Fastern air combat capabilities.

The resultant methodological scheme, detailed in this technical report, does not meet all of the goals
origanally set out for it. Most significantly, the political dimension of United States” arms transter policy
toward the Middle East is not addressed; nor are the economic and security advantages and habibities
inherent in the process considered. These omissions notwithstanding, the proposed methodoloos delves
much more deeply into the intnicacies of air combat potential assessment than had been originally con-
templated and than is available in current assessiment systems. 1 trust this benetit will compensate for the
atorementioned analytical lapses.

Readers will note the methodology is cast as a policy assistance model, and maost of the discussions
revolve around its viability in that role. While some might consequently question its pertinence as an

intelligence tool, my long-standing conviction 1s that policy development and intellizence anulsvwis are

mextricably meshed. In that light, the proposed methodology censtitutes one among many tools which
ntelligence analysts can employ in assisting arms transfer decision makers, s an an ar intellizence ana-
Iyst myselt, T also believe the methodological structure, if not its content. can be profitably applicd
colleagues assessing a variety of air threats and developments.

I would like to express my warmest thanks to the Intelligence Community: Statf tor fundine the

project, to the Assistant Chiet of Staff Intellizence, HQ USAT, for allowing me the opportunits to piitaie

.\"l.
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it. and to the Naval Postgraduate School for providing a most hospitable rescarch venue. Special personal
thanks are due Dr. Edward Laurance of the Department of National Secunty Affairs who initially inspired
the project and channclled its course; to Colonel Jack L. Houlgate, HHQ USAF, Directorate of Istimates,
who served as a most understanding and efficient project manager: to Lieutenant Colonel Richard Fomney
of the Department of National Security Atfairs who provided consistent technical and moral support: to
Colonel John Garnison whose counsel on arms transfer issues and practices was invaluable: and to Colo-
nel Michael (Nort) Nelson who served as my mentor in sorting through and consolidating air weapon
system performance attributes. Several non-government entities also helped me over rough spots in the
rescarch and were particularly gracious in sharing perceptions and methodological concepts.  These
include Mr. J. E. Gibson and his staff at the Northrop Corporation, Mr. William Vogt of The Analstic
Sciences Corporation, and Dr. Ronuld Sherwin and Ms. Jovee Mullen of Third Point Systems Corpora-
tion.

Despite the profound impact these individuals and many like them have had on the conceptualiza-
tion and preparation of this report. [ have undoubtedly included some misperceptions or technical errors
in the final version. These are my responsibility alone.

The views expressed in this report are those of the author and do not represent the official position
of the Naval Postgraduate School, the United States Air IForce, the Department of Dectense, the Intelli-

gence Community Statl, or the United States Government.
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Chapter 1
ARMS TO THE THIRD WORLD

1.1 Introduction

Arms sales are far more than an economic occurrence, a military relationship. or an arms

control challenge - arms sales are foreign policy writ large. - "Andrew J. ]F’icrre in The

Global Politics of Arms Suales.
1.1.1  The Dynamics of International Arms Trade
Few who read a newspaper or watch the evening news would contradict this observation. Arms sales or
grants have become the linchpin of American security relationships with much of the Third World. They
are the ccment which holds the Camp David Accords 1ogether: they are the nose under the Middle Iast-
emn oil producers’ tent; and they are on the leading edge of efforts to blunt dircet or indirect Sowict
advances in the Third World. Arms sales have been pivotal in enticing Third World governments to
switch superpower allegiances and in sccuring overseas facilitics to support force projection requircments.
Important to United States’ international security policy, arms transfers are critical, in the absence of
comparable economic ailures, to Moscow’s overtures to current or potential Third World lies.  Most
industrial nations, conifronted with ever nising weapons system and imported energy costs, rely on large
scale arms exports to maintain affordable cconomics of scale for their own indigenous weapons produc-
tion. !

With the post-colonial diffusion of international power and the subscquent tattering of Cold War

alliances, the Third World’s demand for increasing quantities of high quality weapons has more than kept
pace with the supply. Recognizing superpower reluctance to chance a direct confrontation over Third

World conflicts, emerging regional powers have come to rely on weapons inventories rather than diplo-
p)

&~

matic assurances as the best guarantees of their own sccunty. Threats to the security in the non-
industrial world have mushroomed in the past forty vears, further stimulating demand. By one estimate. .",\
three-quarters of the conflicts occurring since World War Two have taken place in the Third World, with
inter and intra state wars producing over 15 million casualties. With the post-war profusion of new states,
the potential causes of war have multiplied. The aggregate number of national frontiers to be contested

L S )

For instance, Cahn and Kruzel observe that military exports are vital to sustaiming British and French
mulitary roclucl‘l()n lines, with acrospace industnies required to export at least hall their production to
remain atloat. See Cahn et al, Controlling Future Arms Trade, pp.68-69.

[ )

Sce Pierre, The Global Politics of Arms Sales, pp. 275-280. for a thorough discussion of the current
sigmificance of arms transfers in international affuirs.
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has increased geometrically, as have the other sources of inter and intra-state conflict.? The genesis of the
conilicts themselves ts imbedded in a crosshatched web of intraregional rivalries, political instability, and
ethnic hostilities cn! not in the availability of modemn arms. Nonetheless, virtually all conlicts in the
Third World have been fought with weapons supplied by the industrial nations.

It is open to debate if the availability of modern weapons stimulates or suppresses the tendency to
violent conflict resolution in the Third World. Indeed, compelling historical and thcoretical arguments
can be made on either side of the question. The timely transfer of arms to a threatened state can muke
war an unacceptably costly option for an aggressive neighbor. Conversely, a perceived arms builddup by
potential adversary can provoke a preemptive attack (e.g., Israel in 1967). Modern weapons systems
possess range, mobility, and firepower attributes which magnify the lethality of combat once jomed. b
those same charactenstics might also foreshorten its duration. Rarely do weapon systems done dictate
the outcome of Third World conflict. Long term results are more often the product of intangibles such as
military morale, national cohesion and will, and combat strategy. This fact notwithstanding, the acquisi-
tion of modern weapons is a preoccupying security concemn of 1hird World leaders, and their unfetterred
supply is the litmus test of patron constancy. For major arms supplicrs, responding to Third World

demands poses a devilish political, military, economic, and ethical dilemma.

1.1.2 The American Dilemma

The American body politic has long sought to harmonize the elements in the arms transfer quandary.
The tenor of arms transfer policies in the Twenticth Century has run the gamut from virtually unbridled
promotion to high-minded prohibition. In the mildly pacifistic and isolationist climate of the 1930, the
Unuted States Senate’s Nve Committee investigated international arms trade and drafted legislation (Neu-
trality Act of 1935), which set up a governmental agency to control the sale of arms and required the
President to apply an arms embargo against any countries involved in conflict. Spurred by the results of
the Nye investigation and popular exposes such as Engelbrecht and Hanighen's The Merchants of Death,
the British Lavor Party spearhcaded an eventually unsuccessful attempt to prohibit the private production
and sale of arms by companies tn the United l\'int_vdom.4

[Following World War I, the United States. France, and Great Britain undertook to forestall a
weapons cxplosion in the Middle East through the formation of the Near Pastern Arms Coordinating

Committee (1950), which was charged with implementing mulu-lateral standards of restraint adopted in

the Fripartite Agreement of the same year. The Committee was moderately successful in maintaming a

3 See Starr and Most, ‘Patterns of Conflict’, pp.39-48 tor additional conflict related Jata.

A fast-paced account of early Twentieth Century attempts to curtail international arms traflic can be
found 1n Sampson, The Arms Bazaar, pp.658-89
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the Soviet Union entered the regional arms market.?

In a different political clime, the Nixon Administration viewed large scale arms transfers as a cost-
etfective vehicle for strengthening international political allies, creating surrogates whose muilitary capabili-
ties would preclude the requirement for direct American presence in unstable rcgi()ns.b Reucting neg-
atively to the "Nixon Doctrine’, Congress attached the Nclson Ammendment to the 1974 Military
Assistance Bill mandating Congressional notification and review of proposed arms packages in excess of
$25 million. A more restrictive approach was adopted in the International Security and Amms Lxpornt
Control Act passed in June 1976. It not only reaffirmed Congressional review but prohibited strictly
commercial sales in excess of $25 million and proposed that annual aggregate sales should not exceed the
dollar level reached in 1976. ‘Arms controllers” on Capitol Hill had an enthusiastic ally in Prestdent Car-
ter whose political and ethical sensibilities had prompted him to include the control of arms transfers as a
plank in his campaign platform. The policy which he promulgated set quantitative and qualitative
boundaries to the export of arms. He proposed a descending dollar limit on agggregate transfers, a pro-
hibition of the insertion of new or significantly higher combat capabilities into a region, and a number of
other measures which would have severely curtailed the role of the American government and arms pro-
ducers in stimulating or responding to Third World demand for arms.

The tenor of the Reagan Administration’s arms transfer policy has been more aggressive, substituting,
to paraphrasc James Buckley, ‘a heaithy sense of self preservation’ for 'theolog}".7 Intent and rhetone
aside, arms sales since 1981 have still been scrutinized and reigned in by a Congress suspicious of the cffi-
cacy of arms transfers and sensitive to domestic political pressures. With the exception of transfers to
Israel and Egypt in compensation for the maintenance of the Camp David Agreement, no major arms sale
has been approved without a lengthy, public, and at times vitriolic debate. The furor over the AWACS
sale to Saudi Arabia was without equal in post-war history. Congressional opposition forced the Admin-
istration to defer plans to upgrade Jordan’s air defense capabilities and to abandon a program to further
enhance Saudi Arabian air defense and ground attack capabilitics. Most recently, a proposal to supply
air-to-air nussiles for fighters the Saudi’s had purchased from the United States was the subject of tierce

political controversy.

Fhd bbb b bbb

See Kemp., ‘Arnms & Sceurity’, pp.19-20; and Sherwood, The Qut of Area Debate.
b The program to establish fran and Saudi_Arabia as the ‘twin pillars” of sccunity in the Persian Gult
alter the withdrawal of British forces in 1970 stands as a case in pomt.

7 Quoted i Prerre, opuat., p.62.
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1.1.3 To Trade or Not To Trade

While U.S. arms transfer policy has vacililated in ‘Hamlet-like fashion over the past 50 vears, its applica-
tion in specific instances is a product of how key decision makers answer four qucstions.8 Docs a partic-
ular arms package promote regional stability or fracture it? Are prospective recipients suitable targets for
patronage? Arc immediate economic benefits to the supplier offset by the potential domestic ccononuce
impoverishment of less well-heeled clients? Can the widespread sale of arms be reconciled wath the ethical
pnnciples and political onentation of the American public? Answering these questions 1s essentially a
political process to which no omnibus analytical regimen can be reasonably applied. Analysis of the mil-

itary dimension of a proposed weapons transfer is an integral component of that process.

1.2 Mlilitary Analysis and Arms Transfer Policy

1.2.1  The Role of Military Analysis

Military analysis forms the nucleus around which other, less analytically tractable, considerations can be
arrayed and is a mandatory element in each arms transfer proposal. The fact that the military aspects of
an arms transfer constitute only a portion of the problem set does not derogate from the requirement that
they be portrayed comprehensively and effectively. Indeed, testimony before any congressional commit-
tee, supporting or opposing an arms package, is invariably accompanied by a spate of figures charting the
impact of the proposed transfer on the military capabilities of the recipient and the regional military bal-
ance. The asscssment of the strictly military dimension of an arms transfer is not deterministic; neither is
it tnsignificant.

In this context, the role of transfer related military capabilities analysts is to provide a ‘policy assis-
tance’ mechanism to national decision makers.  Military analysis must consider the impact of a proposed
transfer on U.S. force posture, costs, and employment plans. More poignantly, it must assess the rele-
vance of the transfer to the regional security situation, answering two questions. [low doces a given trans-
fer affect the recipient’s force posture and war making potential? How do the resultant changes in military
force structure affect the regional military balance? In answering these two questions, attention need be
paid not only to the quantities of assets involved but also to their capabilitics in definable mission roles.”
Judgment 1s an essential component in armving at these determinations, but the analvsis of ageregated
tablular data simply cannot be avoided in the production of a usecable assessment. Once the subject of

tabular data 1s introduced, eyes role skyward: the spectre of inpencetrable models of suspect relevance

8 The Shakespeartan metaphor is borrowed from THarkavy and Neumann, The Lessons of Recent Wars
in the Third Waorld, p. 21.

9 . . L
Richelson et al Arms Tramter Control Criteria, pp.61-62, 64-68
od-
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1.2.2  Principles of Military Analysis

Analytical obscunity and irrelevance can be averted o some of the guidehnes espoused by the
Comptroller General are followed. ! Even when apphed at the averesate fevell a quanttative apprassal
does provide a *. . . useful anatomical deseription of the extent to which . . forees have umproved or
deteriorated relative to those of a putative enemy.” As a composite index. the aggregated model necessar-
ily masks some relevant distinctions and sacnifices the etlects of synergy among its component parts,  Iis
linear mathmatical form and the inclusion of simplyting assumptions make these losses mnevitable.  Thus,
its output cannot be applied independently but must be integrated with substantive non-quantitative
analysis before conclusions can be drawn. Not rigorously scientific despite superticial appearances of pre-
cision, the output of a quantitative modcl is highly dependent on the varables entered into it. the
assumptions made concerning them, and its mathmatical form. To be uscfully applied, the model's input
data must be valid and accesible, its assumptions explicit, and its workings transparent. Finally. expert
judgment must play a key role not only in interpreting and leavening a model’s output, it must also be
embodied in the formulation of the model itself.

From a substantive perspective, a militarily-oriented policy assistance model must comprehensively
capture the essential combat related properties of the systems being analyzed. When the nature of modern
weapons systems 1s regarded, the relative combat contribution of key subsystems (e.g.. air-to-air missiles,

radars) is essential in the determination of overall capability. L1

The ability to compare combuat potential
within a weapon system category and across alternative mission areas is a necessary attribute, as is the
requirement to aggregate combined weapon system capabilities at the force level. While aggregation
inevitably compromises precision, the trade-offs need to be minimized and explicitly defined.  Similariy,
the analytical procedures chosen must be scrutinized to determine their inherent proclivities to generate

. . . . . . 2
svstemic and random error within the context of analvtical ob]cctxvcs.l"

bbb ddded Lddbde b Lot

10 gee USGAO. Models, Data. and War: 4 Critique or the Foundations of Detense Analysis. pp =24,
3-S5 and 4R for a discussion of the application of acereeated quantitative models and the miles
which should govern them m the defense analvsis process While 1‘11: GAO stadies foctses on LS
detense policy making, its lessons are equally applicable to - he arms transter probiem.

I <ee comment in Leiss et al, drms Transters to Lews Developed Countres. p 1730 which asserts than
assoctated weapons subsvstems are the key features which . distincush the mihitaes ond nee o s
modern fighter-bomber.” The principle 18 just as letimately extended to other chisies of weapon
system.

12

This last set of principles is adapted from a list presented by Richelson et al, op ait pp S 3sn
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1.3  Research Methodology

1.3.1  Obijectives
Acceding to this list of demands is a tall order, infrequently met. Regardless, the need for a systematized
military analysis tool to support arms transfer and international secunty decision making is well estab-
lished. A myrad of quant:tative assessment techniques have been developed over the past 25 yvears by
governmental agencies, commercial entities, and academic groups to meet the demand. None has
achieved universal acceptance. The goal of this rescarch 1s to propose a militanly focused aggregational
methodology which capitalizes on the ground already covered and which adheres as closely as possible to
the spint, if not the letter, of the idealized principles described above. While all of the principies merit
ngorous application, four can be singled out as receiving particular emphasis in the evolution of this
methodology. First, the denivation of input data and the internal workings of the methodology arc trans-
parent. The sources, characteristics, and validity of each data element are described, as are the processes
to which they are subjected. While this feature prolongs the descriptive process, 1t permits informed
judgment on the methodology’s utility. Second, the judgment of weapon system and intclligence experts
was sought at each phase of the development process and integrated into methodology design and opera-
tion. Third, the focus throughout is on mission-specific combat output potential, not on the analysis of
weapon systern inputs. While inputs such as weapons inventories or system characteristics constitute
necessary starting points, the combat capabilitics which they engender are the determinants of military
potential. Fourth, the limitations inherent in the methodology and the data which it considers are clearly
identified to facilitate realistic integration of systemic outputs tn subsequent case onented analyses.

Two additional considerations, inferred from previously identified pnnciples, also warrant mention.

Methodological transparency is essential but not sulficient. The user of a policy assistance tool must also

be able to manipulate it to satisfy specific lines of inquiry, rather than just being presented with static
results. Consequently, a rescarch objective is to develop a methodology with which a potential user can
3

- interact, performing iterative (sensitivity) analysis under varying conditions, priorities, and assumptions.

Finally, in those instances in which methodological simplicity contlicts with substantive accuracy or rele-

< vance, substantive concerns take precedence wherever possible.

1.3.2  Limitations

Within the framework of these overarching objectives, some practical limits need to be drawn. The
essence of the analytical process is theoretically unconstrained to a spectlic region or weapon svstem cat-
cgory. lor developmental purposes, application of the methodology was restricted to the Middle Fast
North African rcg'on.l3

This region was the recipient of 553%4 of the dollar value of al arms shipments to

) l;_‘l._.'..'lJ-M -l

13 . . ‘ .
I'wenty-two countries were included on the regional set Aleeria, Bahran, Feypt, Fthiopia, lan, N
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E the Third World in 1983, continuing the trend established in the mid-1970’s. The countnes of the region
:; are among the relative handful in the Third World with sufficient financial resources or super-power
': patronage to acquire significant inventories of modern weapon systems. Additionally, virtually all major
. systems in their inventories, with the exception of Israel’s, are acquired internationally, and the subject of
E.-: - security assistance to the region dominates arms transfer policy debates within the U.S. political svstem.
" Finally, the series of recent and ongoing contlicts in the area provide some limited data on the combat
:: application of thesc weapons systems as well as suggesting a military development pattern for other
P regions potentially embroiled in protracted contlict.

_\' The investigation will also be limited to consideration of air weapons systems. Anthony Cordesman
:f'_ observes that airpower ". . . is the crtical form of military power in the (Persian) Gulf, because of the
;:_ regonal geography, limited lines of communication, and the limited sustainability of ground forces. 1
- Another experienced military observer comes to the same conclusion but extends its application to the
X rest of the region, noting that the effective use of airpower will be the determining element in the first
: -

B rounds of any future Middle Eastern combat.!® At a more practical level, aircraft transters and invento-
& rics are hughly visible, so relatively reliable data concerning them are readily available. Their visibility and

cost propel them into the forefront of security policy concerns from both the supplier and recipient per-
spectives, enhancing methodological relevance. Finally, aircraft are the category of weapon system in
which the author has the most practical expertise, such as 1t 1s. It should be noted that, although the field
of inquiry for development of this prototype has been narrowed considerably from the outset, the princ-

ples underpinning it are extendable to other regions and weapons classes.

1.3.3 Organization

The basic philisophical groundwork lud. the remander of the study will step through the clements
wvolved in constructing a methodology for evaluating the military umpact of air weapons transters on the
combat potential of Middle Eastern states and on the regional military balance. Chapter 2 will review
some of the more salient techniques applied to the problem 1n the past, highlichting therr advantages and
disadvantages. Chapter 3 wall propose a structure within which to conduct the analysas and dentify its
key elements. Chapter 4 outlines the data collection process, noting significant impedunents and the

mc!hndﬁ uxcd I() surmount them. The procedure employed to reduce relevant data to analvncally man-

Isracl, Iraq. Jordan, Kuwait. [ chanon, Fibyva, Moroceo. Oman. Qatar, Saudi Arabue Somading
Sudan. Svri. the United Arab Pmirates, Funisee the Yemen \rab Republic, and the Peoples Doeme
ocratic Republic of Yemen., While not necessanly corresponding 1o a ceopoelitical Jefimtion of the
recion, this basket o countries 1s believed to capture its most interesting conthict and arms acguisition
pdllgms

14
1S

Cordesman, The Gulf and the Scarch for Strategic Swbility, pp. 454-488.

Kemp, Irms and Security, p4. For an alternative view directed to the Third World as a whole, sce
Flliot A Cohen. Dristant Battles’
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ageable proportions is detaded in Chapter 5. Chapter 6 proposes a technique for combining input data
into individual air weapon system and force aggregated combat mussion outputs and displays selected
results. Chapter 7 exercises the methodology in generating partial answers to potential arms transter poli-
cy related questions, and the final chapter identifies some conclusions regarding the methodology and its
potential application in assisting policy development. Throughout, the reader is cautioned to be sensitive
to the imitations of the svstem, as well as its capabilities. Like any analyvtical methodology. it can accu-
rately represent only a few of the more tmportant attributes ol the phenomena being investigated and does

not assume to . . .mimic the real world cxacl]y.’16

o Qe Pyles, The Dyna-METRIC Readiness Assessment Model, p 31
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Chapter 2
METHODOLOGIES REVIEW

A
.

2.1 General
Quanuitative techniques have been employed extensively over the past 25 years to estimate the impact of
arms transfers on recipents’ military capabilities and regional military stability. In different wass, they

have al! been confronted by the same problems: the tdentification of significant variables. the collection of

rcliable data, and the reduction of data to a common plane of comparison. Too often, the last problem
has been solved at the expense of the first and sccond. This section will review some of the techniques

employed lustorically and evaluate their adherence to the criteria outlined in the previous chapter.

2.2 Counting ‘Dollars’
The most common medium of arms transfer analysis has been the comparison of the economic data
assoclated with the transfer, often in the context of regional and national defense e:(pcndilurrcs.I Mone-
tary value is certainly not irrelevant. The trigger which activates the Congressional review process is, alter
all. a dollar amount. The two pnmary publications which catalog the international flow of arms, the
Arms Control And Disarmament Agency's World Military Expenditures and Arms Transfers and the
Stockholin International Peace Research Institute’s World Armament and Disarmament Yecarbook, devote
- much of their ctfort to establishing the valuation of individual and aggregated arms transfers. American
debates concerning arms transfers are often predicated on package values, at least at the populer level
Reducing arms transfers to a common dollar measuie has considerable merit and historical prece-
dence, but its utility in the military analytical role envisaged here is limited. There is no doubt that dollar
measures capture some scnse of the magnitude of a transfer or of the priorities of Third World States.
However, the singular use of cconomic values as the basis for miuitary analysis has two drawbacks. ] irst
and less significantly, the methodology through which transfers are valued is inconsistent and often

Richelson et all cArms Transfer Control Criteria, review several of the more notable dollar based arms
race models. pp i6-47

Of course, a disconcertingly large proportion of all Amencan policy debates revolve around cost rather
. than tunctional cttectiveness,

Cordesman convinangly contends that dollar to manpower ratios, tor instance. are vahd indicators of
the extent of force modernization and support infrastructure development in [he Guil and ine Searh
for Spratesic Siabiicte, po 4960 Another studs, Thldebrandt < Vidicary Expendinure. Foree Poteninad. and
Relagve Miiaary Poseer. criploys an cconometric methodology to translate mihitary cconomic data ito
comparalive power outputs,
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opaque. If the contract price is used to value a transfer, intervening variables such as concessionary terms,
offsets, and co-production arrangements influence the product, calling into question its rehabihty s
common frame of reference. The assignn.ent of monetary amounts based on an estimate ot the analo-
gous value of unit cost establishes a more level measurement planc.5 However, even this approach sutfers
from a fatal flaw when applied to the assessment of military utility. There 1s simply insutficient correla-
tion between the economic value of arms packages (or expenditures) and their miitary utdity. The allo-
cation of dollars among package elements varies greatly. Better than half of the dollar value of U S, arms
transfers to Saudi Arabia has been dedicated to infrastructure development, wlule virtually all of the dolar

6 ¢

amount of transfers to Israel has purchased weapons themsclves. ven of tlus hurdle ts cleared, a more

basic problem remains. The most carefully sculpted dollar estimate provides no indication as to the mis-
sion adaptability, operational capability, or potential combat output of the system which the dollars buy ’
The comparison of the economic value of arms transfers and mulitary expenditures can legitimately detect
trends and relative priorities at the systemic, regional, and national levels; but it fails to capture the muli-

tary impact of weapons system transfers on national force structures and regional military balances.

2.3 Counting ‘Beans’

One often applicd solution to the inadequacies of dollar based measurcs has been the tallving of the
weapons they buy. Certainly, the tabulation of the numbers of weapons systems being transferred and the
inventories into which they are introduced is an cssential element in any military analysis. But 1s 1t suth-
cient? The weight of opinion suggests not. Weekly news magazines are replete with charts showing
stacked symbols of various categories of weapon system; so are the bricfing screens of many Pentagon and
Congressional conference rooms. At one level of abstraction, categonical quantitative measures such as
these do depict general trends and gross patterns of arms transler and force development. The condensa-
tion of discrete weapons systems into categorical totals makes for presentational simplicity and permits the
application of some statistical techniques against homongenized data sub-sets.® However, for the type

military analysis required to assist arms transfer policy makers, they are inadequate. The estimation ot

Laurance and Mullen, "Assessing and Analvzing International Arms Trade Data’. pp.13-21.
> This technique 1s used by SITRI in developing its arms flow figures.

6 . . . .

Cordesman, Jordanian Arms and the Middle Fastern Balance, pp.20-31.

5

" There is virtual unanimity among scholars investigating arms transfers on this point. Sce tor imstuncee,
Richelson et al. op.eit. p 20 Baueh and Squires, Tros Transfers and the Omser or ar, pSoTers ot al,
Arms Transfers 1o fess Developed Countries, pp 29-30 and Sherwin and Taurance, € uny Dava i
Security Assistunce Policy Making, pp.SO-52: among others.

8 See Less et al. opat, pp. 3S-116, for vianous examples of systemie analssis conducted at the weapons
cateeory level Also. Baugh and Squires, op it Yp S-120and Towrse nerang Chowces for the Sov-
ets in Third World Arms Transter Poliey, pp -2
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military utility (output) requires more finely gramned data than is conveyed by the tabulation of the num-
bers of a category of weapons (input) which a nation possesses or will receive. Under most categorization
schemes, an [F-SE and an F-15E would both be counted as supersonic aircraft. The failure to account for
the immense differences in capabilities between the two would cripple any serious attempt at guaging their
impact on national force posture and regional stability.

More frequently, military and policy analysts concentrate on the analysis of weapons-specific inven-
tories or transfer packages. Certainly more useful information is conveyed, but inventories alone provide
a precarious perch from which to spring to any refined analysis of potential military output. A general
impression of force posture can be estimated by considering the systems’ respective roles and generations.
In a vacuum, a listing of weapons tells us little about prospective combat output and its implications for a
regional military balance. Phrased differently, reviewing inventories can determine if a force is being built
up or if acquisitions just reflect a replacement of existing weapons. It does not indicate the thrust of a
force’s modemization or mussion expzmsion.9 If the qualitative differentiation among weapons and their
mission adabtability to the particular employment environment is not considered, any resultant quantita-
tive analysis will fall woefully short of providing the policy maker with militarily relevant assessments on
which transfer decisions can be predicated. As one researcher notes, ". . . a mere enumeration of peace-
time inventories. . . does not constitute an analysis of military capabilities. 10 The assessment of employa-
ble military force structure and realistic regional balances demands a more sophisticated measurement
technique, one that considers the combat relevant qualities of the systems, their effectiveness in un oper-
ating environment, and the level of support a user can provide. Not only do the capabilities of the major
systems themselves have to be considered, but also the contributions to potential combat cflectivencess
made by key subcomponents (e.g., missiles, radars). The upgrade of system components can often have
necarly as profound an impact on the performance of a weapon as would its replacement.

Clearly, the estimation of the military impact of weapon systems transfcrs requires a more sensitive
and flexible technique. While the reduction of arms transfers to a common economic measure or their
consideration by category provide common ground for aggregate analysis, neither conveyvs the specificity
of militanly relevant information required to project potential combat output. Detailed inventory analysis
provides more granular information, but similarly lacks the performance related detail to permit all but the
most general and speculative of assessments. The inventory approach also suffers from the drawback of

not having a common base on which relative combat potential can be measured among national torces.

Richelson et al cite the consideration of these four acquisition patterns as being essential to the Jeter-

munation of the a nation’s torce posture and its relevance to a regional military balancee: op.cit., p.64.
1 Epstein, Measuring Military Power, p 131, Similar comments can be tound in Sherwin and [ au-
rance, op.cit., pp.X2-83: Handel, "Numbers Do Count ', p.259; Less et al, op.ait., pp.tL7-124 Smder,
Arabesque, p.6; and others.
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Attacking these inadequacies, several researchers have developed alternative approaches which encompass

performance related attributes.

2.4 Factor Analysis

In the mid-1970’s, various studies grasped upon factor analysis as a technique well suited to the task of
synthesizing performance characteristics into aggregate measures of weapon system capability. The carliest
of the applications aimed at isolating dichotomous dimensions of aircraft performance charactenstics and
then extracting relative values or scores for cach weapon on those dimensions. The dimensions were
assumed to represent categories of mission (e.g., offensive, defensive) the exccution of which was closely
associated with the characteristics which contributed most significantly to their definition. 1 ater studies
took a more refined approach and developed factor models in which multiple dimensions were extracted
and related not to mission but to system performance attributes (e.g.. maneuverability) the relutive values
of which could then be combined to represent outputs in given mission arcas. No matter the orientation
of the effort, the factor analysis based studies demonstrated the capability to condense values for multiple
performance characteristics into commonly based indices which could be integrated into force level analy-

ses. In this regard, factor analysis deserves further attention.

2.4.1  Description

I-actor analysis is recognized as a gencral scientific method for analyzing data. Originally devised by
Charles Spearman in 1904 as a method of simplifving the complex phenomena determining intellectual
ability, 1t has been refined and adapted over the yvears to explore patterns of relationships among data, to
determuine the structure of data, to reduce and eliminate redundancy in data, and to define a functional

11

unity for the transformation of multiple variable values to a common scale. As an exploratory tool,

factor analysis uncovers underlying independent sources of statistical correlation among a body of input
vanables. Applicd to Jata sets in which the retationships are unknown or only suspected. it defines a
patterned statistical relationship attnbuted to an abstract underlying dimension. It falls to the rescarcher
to categonze the functional essence ot this underlying order or to suggest uniform causality.

Without delving too deeply into the statistical operation of the factor analysis process, a brief discus-
ston ot its charactenstics will facilitate evaluation of factor analysts based studies. Two aspects of the
process will be touched upon here, extraction of factors and rotation to a terminal solution. A\ third, fuc-

tor ~score production will be treated later. Factors, or underlying dimensions, may be extracted by severad

P Recent literature s replete with exhaustive discussions of the application of factor analysis to social

and poliical science problems. The following have been drawn on heavily in this capsule treatment:
R F Rummel, Anpiccd Factor Analysis and  Understanding Factor Analvsis’, Dennis 1. Palumbo,
Statistics i Podieal and Behavioral Science, Sam Cash Kachivan, Mudiivariate Statistical Analyis -
I Comeeptral Tnivodection and Jac-on Kiun and Charles W. Mucller, Jnroduction to Factor Analysis
and Fuctor Anad s )
l hl
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methods, with principal components extraction the method used in all of the studies under evaluation.

Principal components analysis ingests a data file comprised of any number of vanables and the values for
relevant cases on those variables. The factor procedure first isolates the combination of varables which
account for more of the total vanance in the entire data set than any other combination of varables, This
first component, or factor, represents the most inclusive summary of the linear relationships among the
mmput data. A second component is then extracted which defines the second best vartable combination
and which accounts for the proportion of the vanance not captured by the first. Thus. the sccond com-
ponent or factor 1s orthogonal (i.e., at right angles) to the first. The process continues until sutlicient fac-
tors have been extracted to account for the total variance in the data set. A ‘loading is generated for cach
variable on cach factor which measures the degree to which the variable s involved in the factor. In other
words, a vanable loading represents the correlation coefficient between the variable and a given factor. By
companng loadings for all factors and variables, the researcher can identify those variables most closcly
associated statistically with a particular tactor or multiple factors.

The initial factor solution is not unique, since other statistically equivalent combinations could well
define a different array of underlying dimensions. Rotation to a terminal solution overcomes this uncer-
tainly by mathmatically rotating the factor matnx to delincate distinct clusters of interrclated variables.
Two rotational methods are commonly employed. Orthogonal rotation maintains the right angle separa-
tion between the vectors which best fit distinct variable clusters. Oblique rotation does not require that

the factors be uncorrelated with cach other and more precisely defines cluster boundaries.
2.4.2  Factor Analyzing Air Weapons Systems

2.4.2.1 Defining Factors
The earliest efforts to apply factor analysis to the evaluation of air weapons systems capabilities were

Jaunched by Michael Mihalka, Lewis Snider, and Allan LeGrow. 12

While cach study had its unique
aspects, the simulanties among them allow their discussion as a group.  Mihalka and Snider hy pothesized
that fighter aircraft would fall along two dimensions.  Mihalka defined these as “attack and defense . Sni-
der as ‘interception air superionty” and tactical support ground attack’. Fach selected variables (3 and 12
respectively) which he suspected would detine one dimension or the other. 'rue 10 form, the analy ais

defined the expected dimensions. The results of Snider’s inquiry, which considered 162 ireratt, are

depicted 1n Table 2.1, with some editonad changes.

Vihalka, Cnderscanding Arms Accwmudation, Smder, Arabesque: and 1 eGrow, Measwring A crant
Cuapability tor Mitary and Podaucead Anadysis
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Tuable 2.1: Factor Analysis Of Combat Aircraft - Smder 1
VARIABLE FACTOR 1 FACTOR 2

Production Year
Primary MIssion Speed
Maximum Speed

Service Ceiling
Thrust )

Rate of Climb

Take-off Weight
Payload

Ferry Range

Combat Range
Radius-Internal Fuel
Radius-External Fuel
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Reviewing the factor loadings, the varables group around those factors which correlate to the most desir-
able capabilities for the respective missions, when Factor | is considered the air-to-air mission and I-actor
2 the air-to-ground mission. lHowever, an argument can be made that the selection of vanables for analy-
sis turned the process into a self-fulfilling prophecy. In particular, regard Factor 2. Three of the vanables
(combat range, and the two combat radius variables) tap essentially the same characteristic with onlv
minor variation. A similar situation exists between ordnance payload and maximum takcofl weight. Not
only does this mode of variable sclection tell us little more than we knew about the weapons system mis-
sion adaptability coming in, the asymetrical representation of a functional attribute in this fashion can
severly distort the solution. 13 More importantly, the gerrymandering of input vanables produced some
suspicious relative factor scores on cach dimension. Soviet SU-7's and SU-20's, which are single purpose
ground attack aircraft with relatively short legs and high top speed capabilities, scored most highly on the
air-to-air dimension, while the F-4I2 outpuaced the F-14 on the same attribute. These results were artiully
rationalized, but the point remains that key mission-related performance vanables were climinated from
consideration not on the basis of functional ment, but becanse they did not correspond to a predeter-
mined typology.

LeGrow ascertained this deficiency and added vanables to the data <et which attempted to capture
the etfect of weapons on mission capability (number of gun barrels, mussile algorithmy. Tle also elininat-
ed the most redundant vanables from the previous set and added ones with more acronautical relevance
(thrust-to-weight ratio and wing loading). Analyzing 29 aireraft, he extracted three tactors, as shown m

Tuble 2.2.
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Tuble 2.2: Factor Analysis Of Combat Aircraft - [ eGrow \’ i,
VARIABLE FACTOR 1 FACTOR 2 FACTOR 3 ‘ C
Maximum Speed .91183 . 1600~ .15425
Ceiling . 90017 . 14516 -. 10637 .
Thrust . 81375 . 33873 . 27959 iy
Rate of Climb .85771 -. 17088 . 31275 ;,'_
Take- off Weight . 62739 . 68222 -. 04521 X
Paylo . 22243 . 91291 .07798 | ;
Combat Range -.06186 . 90778 .01947
Combat Radius . 09686 . 90804 . 00532 )
Thrust-to-Weight Ratio . 54453 -. 32122 . 54158
Wing Loading .07857 . 34959 -.83717
Gun Barrels .07818 . 13349 .88188
Missile Algorithm . 30709 . 24849 . 52984
Production Year .27103 . 40090 .52844
Reviewing the results, LeGrow noted that the presence of a third factor complicated interpretation and
that the elimination of redundant variables and the insertion of other combat relevant attributes produced
an overall matnx in which the distinctions were no longer as clearcut. [or instance, thrust-to-weight ratio -
loaded moderately on Factors 1 and 3, while several others (e.g. production year, wing loading. thrust) N
loaded heavily on one vanable and moderately on others.!* LeGrow postulated that the combination of .
Factors | and 3 appearcd to best represent air combat capability, with Factor 2 capturing air-to-ground
qualities. While the combination of scores on FFactors | and 3 produced performance rankings which
were intuitively reliable, the scores generated for the second factor contained some serious anomalies. The
F-16, which has a significant ground attack capability, ranked below the F-SE on that factor, while the X
F-14:A, an interceptor, was exceeded only bv the A-6l0 and the A-7D. To further test the procedure, '_::
[eGrow considered only aircraft with an air-to-air mission and reduced the number of variables in a sce- ﬁ
ond factor problem. Again, three factors emerged. but with different and functionallv contradictory van- B
able loadings. Regarding LeGrow's results, the volatility of the factor analysis process becomes clear. -
The alteration of variubles or cases can produce drastically different dimensions, some of which are not ‘-'
casily abstracted to higher order concepts such as mission output.  As he also pointed out, the combina- ﬁ
tion of multiple factors to produce a mission score is an arbitrary process if only factor analytic results are
considered.
M e author believes that LeGrow's third factor would have nlnwm[lmxui mto two factors had he

considered a larger number of cases. One factor would have been detined largely by the weapons
related vartabies, the sccond by thrust-to-weicht ratio and wing loading fnegative los whingt. Test runs
on a data base with Se airerift tended to contirm this estimate. Thrust-to-weight ratio is directls
related to mancuverability, and wing loading 1s related to it inversely from an acronautical persped-
tive

=15 -
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The Analytical Assessments Corporation’s (AAC) study team, which included [ewis Snider, applied
a more sophisticated factor analytical methodology to the problem. Most importantly, they increascd the
number and aeronautical relevance of the variables under analysis and defined factors which purported to
represent system attributes rather than combat mission outputs. The study aimed to use factor analysis to
determine dimensions of fighter capabilities which would be ‘invanant’ regardless of minor alterations in
variable sclection, case compostion, or rotation technique. Initially, all aircraft were factor analyzed in a
single model. Explaining the at times unrealistic results produced some inventive but aeronautically spe-
clous formulalions.15 The analvtical problem was consequently segmented, with separate analyses con-

ducted for interceptors and air supecrionty fighters and for ground attack and close air support aircraft

:
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respectively.  Alrcraft were treated both as launch platforms’ (internal weapons only) and as full weapons
systems (external ordnance included). Delineating mission groupings prior to analysis averted many of the
interpretation problems and spurious results which contronted Snider and LeGrow. It also permutted the
independent analysis of multi-role fighters in each mussion area. [urthermore, distinct analyses were
accomplished for air-to-air and air-to-ground mussiles, the results from which were integrated into the
overall air weapon system model. The result was a smorgasbord of analytical options.”’

One data set and model will be discussed here. It analyzes interceptors and air superiority fizhters as
weapon sysiems with capability scores for air to air mussile systems included.  This analysis was sclected
because 1t is the most sophisticated of variable combinations evaluated which also vividly llustrates the
pitfalls of attempting to stretch a technique past its limits. Fifteen vanables observed for 69 uterceptor
and air superionity fighters were analyzed, with five factors extracted. The names assiened these factors
and the vanable loadings derived are depicted, with minor styhstic editing, in Table 2.3 Only loadings of
0.5 or higher are¢ shown to highlight the factors.

Betore discussing the results, some obscrvations on the variables themselves are warranted. Figst,
vear of production is intended as a surrogate representing relative technological sophistication or moder-
nts 7 Whale this contention is superficially pleasing, its underbying assumption is invabd. Consder, for
instance, three US aireralt, all of which were flown for the first time within four months of cach other in
19720 The P-15 s a leading-edge high technology fighter: the T-5E 15 a conaderably less sophisticated
export aircraft; and the A-10A 15 a technologically austere ground support fighter. When aireraft have

ditferent design and cost goals, knowing the vear of production conveys httle as to therr relative techno-

S Qe the convoluted explanation as to why the =14 scored lower than the -5 as an interceptor air
supertorty Nehter as an example, pp 123-124

o 1 all s analyvses were conducted at the air weapon ssstem fesel, wath six for missailes. Factor rota- z
tion technigues were vaned to control tor svstermie bias - These are presented i toto i Richelson et .
al, op. at., pp. 144192 o

17 -

The same vanable was also vased by Studer and [ eGrrow
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logical sophistication. The matenality of the vanable diminishes even more when generational compari-
sions are made between aircraft produced by different nations, whose own technological capacities are far
from even at the same point in time. Secondly, the vanable “Mission Potential” was constructed by mul-
tiplying the combat radius of an aircraft by its mission speed. Intended to illustrate the point that high
speeds can reduce combat endurance, the combinational form has no aeronautical precedent and ignores
the fact that mission speed is one of the factors, along with ordnance load and flight profile, which is
involved in the determination of combat radius in the first place. Third, the ‘missile guidance’ vanable
was derived from a separate factor problem in which the attribute was described by two dichotomous
variables, ‘infra-red guided’ and ‘semi-active radar homing guided’, which were assigned nominal valua-
tions (0 or 1). Logically, these varied inversely for any given case, defining a factor with high (.98) posi-
tive and negative loadings. In the factor scoring process, which will be described below, the dichotomous
loadings cancelled each other out producing ‘missile guidance scores” which were predicated on the values

for all variables except the guidance value.

-
Table 2.3: Dimensions Of Air-To-Air Fighter Capabilities i
!
VARIABLE ENERGY/ WEAPONS ARMA- ENDUR- MANEUVER- |
TECH- SUITE MENT ANCE ABILITY !
OLOGY f
Production Year 75280 :
Rate of Climb 94426 i
Combat Ceiling 79378
Combat Speed 91804 |
All Weather 50267 {
Payload 90748
Mission_Potential .70984 . 54982 ‘
Combat Radius . 96576 i
Thrust to Weight .89728 |
Wing Loading .71315 -. 54015 |
Muzzle Velocity 97935 3
Rate of Fire 98072 !
Msl Lethality . 89930 i
Msl Envelope .87492
Msl Guidance .86691 .

Glancing at Table 2.3, the cffects of these vanable selection anomalies can be seen. Mission potential
loaded significantly on the energy and endurance factors, a predictable situation since the vanable was

created by multiplying combat radius times combat speed.  Otherwise, the results are largely non-
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contentious, showing predictable statistical affinities among variables. The missile and gun vanables
define factors representing the air-to-air missile suite and gun armament respectively. Wing loading shows
a negaltive relationship to the maneuverability factor, as 1t should.'® However, wing loading also has an
even higher positive loading on the energy ‘technology factor, an observation requiring clarification. While
the resultant variable groupings could have been pcstulated intuitively, the addition of the statistical
dimension offers the opportunity to create multi-variable indices which reflect the relative capability of

each aircraft on each combat related attribute.

2.4.2.2 Extracting Factor Scores.

The key utility of factor analysis in this context is its ability to generate scores for each case on the
underlying dimension or factor. Unfortunately, its promise fades when it s employed in this role at the
air weapon system level. 'The scoring process entails two salient features. The absolute values of all van-
ables in the set weighted proportionately to their involvement (positively or negatively) in the factor are
considered in the solution and are summed to yeild the factor score for a case. The operative assumption
1s that cach factor is a linear combination of the case values for every variable in the problem set. Thus, a
variable which is largely unrelated statistically (and perhaps not at all functionally) to a factor has a defi-
nable impact on the score. Sccondly, the absolute values for the vanables are converted to standardized
scores with a mean of zero and a standard deviation of one before the scores are rendered. Conscquently,
some scores are negative values even when all variables load positively on the factor; and all scores are
measured on an interval scale.

From a technical perspective, the factor score coefficient matrix (F) is denved {rom the rotated pat-
tern matrx (\) according to the formula:

Fo=(alaylal
Score coeflicients are consistent with the weight and direction of the factor loadings. Variables with high

factor loadings receive higher score coefficients relative to their loadings within the confines of the entire

problem set. Weaker loadings produce cocfficients which tend toward zero, and negative loadings gencerate -
negative coefhicients. 19 A factor score (f) 1s then developed for each case by summing the products of the
factor score coetlicients (I') of all vanables in the factor problem and the standardized values of cach case

(2) on those vanables. In equation form, the factor score for a case (t‘]) in a three varabie factor problem

. 9
would calculated by the equanon:~0

I In carhier tables which did not include the missile varables, wing loading loaded Iposmwly on the
factor asserted to represent mancuverability, a questionable relationship acronautically.

19 If the alternative regression method of extracting score coctlicients is used. tests indicate vanables
with the weakest positive loadings will also be awarded negatively signed score coetficients.

20

This description and equations are adapted from the examples offered in Nie et al Statistical Package
Jor the Soctal Sciences Second Edition, pp. 487-489. The tormulac cited apply 1o factors eatracted by
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f} = Fran?i * Fuar% * Fuars?s
The problems stemming from the first characteristic can be deduced from a review of the data in

Table 2.4, which is an unblanked version of Table 2.3.

Table 2.4: Dimensions Of Air-To-Air Fighter Capabilities
VARIABLE ENERGY/ WEAPONS ARMA- ENDUR- MANEUVER-
TECH- SUITE
NOLOGY

MENT ANCE ABILITY

Production Year
Rate of Climb
Combat Ceiling
Combat Speed
All Weather
Payload

Mission Potential .
Combat Radius

Thrust to Weight
Wing Loading

Muzzle Velocity -.
Rate of Fire

Msl Lethality
Msl Envelope
Msl Guidance
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Looking at the factor which allegedly captures air-to-air missile capability, the missile performance van-
ables load positively. However, all-weather capability has a moderate negative loading, as does thrust-to-
weight ratio. Thus, the score for a missile mounted on an technologically superior aircraft would be less
than the score denived for the same missile mounted on an infenor platform. This sconing quirk 1s partic-
ularly nettlesome when one considers that all radar guided missiles are dependent on an air-intercept radar
(an attnbute of an all-weather system) for their guid:mcc.zl A sintlar relationship prevails for gun effec-
tiveness, the score for which would be diminished by the value of an aircraft’s all-weather capability,
combat ceiling, missile launch envelope and others. Scores for the mancuverability attribute would be
diminished as a result of a later production year (modemn technology surrogate) while being enhanced by

the presence of an all-weather radar and lessened if assigned missiles had more capable guidance systems.

principal components analysis.
> ‘ : . . : -
2l If the weak negative Joadings for two other energy technology varables, production year and rate of
climb, are considered, the situation detenorates turther.

219 .
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Observations of this type could be made indefinitely. The essential point is that factor scoring con-
ducted at the weapon system level forces the inclusion of functionally irrclevant data in the computation
of values for discrete attributes. A defense of this characteristic has been advanced which contends that it
captures the tradeoffs which must be made between some attributes in aircraft desig,n.22 While this con-
tention might scem logical in a very narrow sense (e.g., maneuverability or speed being reduced to permut
greater payload in a similar generation of aircraft), it ignores the advances which permit simultancous
improvements in multiple attributes. More poignantly, it is largely invalid when applied across subsys-
tems, many of which are aircraft non-specific and which are developed independently of each other. Most
U.S. aircraft can carry a verston of the AIM-9 and are fitted with an M61AIl cannon. The two subsys-
tems are technologically unrelated, and any scoring system which diminishes the value of one because of
the presence of the other is flawed. 23

The flaw in the 'vertical’ (i.e., intra-factor) scoring process has a horizontal analog. The AAC study
and others compute total system capability as an unweighted lincar combination of factor scores denomi-
nated by the number of factors involved. Consequently, the value which describes the capability of the
aerial gun has the same relative weight in the computation for air-to-air ctfectiveness as does energy or
mancuverability. Not only is this supposition counterintuitive, it is roundly contested by the results of an
aircrew survey that established that an aenal gun has a relative utility of .067 in an air superiority role and
043 in an nterception role.** An unweighted linear computation of factor scores overrepresents the role
of the gun by more than 200%. The combined influence of these two scoring traits produces relative val-

ues at the air weapon system level which obscure more than they illuminate.

- 2.4.2.3 Using Factor Scores.

o

i The mathmatical process by which factor scores are measured presents another, although far less intimi-
g dating, problem. Because factor scores are computed on a standardized scale, some have negative values.

While these vilues accurately portray the distance between cases and can be used in direct comparnsons of
cases on a given factor, they are not conducive to further combination. arlier researchers attacked the

problem by adding a constant to the sct of scores which raised the lowest negative score to a destred

threshold (e.g., 0.1 or 1). LeGrow demonstrated that the use of a constant in this fashion presenved the

3y . . .
== Sce Smuder, op.cit., p.55, for one such assertion. iy
23 A statistical consideration concerning subsystems is also relevant. Since the input variable values tor "
any uiven subsystern would be entered multiple times retlecting their fitting to several aieralt, they
would constitute what Rummel terms an ‘a prion” factor, detracting from the patterned varaon
essential to the denvation of meaningtul factor groupings. !
24 -1

Supporting snrvey results, seven percent of the Israeli air kills over [ ebanon in 1982 were achieved
by gun shots. Sce, Lambeth, Moscow’s Lessons_from the 1982 Lebanon Air War, pp. 10-11; and
Carus, Military [ essons of the 1982 Israel Syria Contlict” p.268.
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valid ratio relationship existed in the first place was incorrect, the observation that the addition of a func-
tionally irrelevant constant created a pseudo-ratio relationship of arbitrary significance stands.

The AAC study took a more elaborate approach to raising negative values above zero by applying
the expression for calculating a T-score (10*Z + 50) to the raw factor score but acknowledged that the
transformed scores still lacked true ratio properties. Consequently, the ratio of capabilitics between two
systems could only be inferred. Some examples were offered which asserted that meaningful comparisons
between alternate weapon systems packages could stil be made as long as the limitations of the data were

125
recognized.

2.4.2.4 Factor Analysis Summary.

Factor analysis constitutes a powerful tool for reducing large bodies of data to statistically valid composite
indices. Applied to the evaluation of combat aircraft, it produces results which do not always embody a
commensurate degree of operational validity. As demonstrated above, comprehensive variable sclection is
crucial, and factor results can prove erroneous if the variables considered do not represent the bulk of a
system’s aeronautically and operationally relevant attributes, to include those of its subsystems. Addi-
tionally, factor results are sensitive to relatively minor vanations in variable and case composition, so their
ability to define ‘invariant” dimensions for fighter performance over differing spatial and temporal domains
1s suspect. The extrapolation of the raw factor analysis output to operationally pertinent composite indi-
ces 1s crippled by three characteristics when applied at the system level. FFunctionally irrelevant informa-
tion 1s included in generating factor scores. The combination of scores for multiple factors into a com-
posite 1s arbitrary and often produces illogical results. Finally, the composite indices created from factor
outputs arc interval level measures which lack the mathmatical propertics to permit their aggregation at

the force level.

2.4.3  Multi-Attribute Utility Theory

To overcome several of these deficiencies and to account for intangibles such as operator proficiency and
support capability, LeGrow explored three altermate techniques for creating composite indices of fighter
capabilities: paired comparisons, successive intervals method, and multi-attribute utility theory (MAUT).
After expenimenting with each, he concluded that MAUT was the . .only technique comprehensive

enough to deal with capability as more than just a combmation of performance characteristics.  Follow-

<

=7 See Richelson et al, op.cit., pp. 218-220 for a discussion of methods of dealing with the level ot
measurement problem. While this author has no quarrel with their methodoloey, he takes exception
to their contention that interval nature of factor scores is the ‘most sertous drawback to their use at
the systems level.

26

See | eGrow, <>p_.cit.._jwp.‘ T19-137 and Jacoby., Quantitative Assessment of Hurd World Sca Denial
Cupabilities. pp.38-154. The discussion of MACT here is taken from these two pubhcations and
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that MAUT permits the consideration of multiple vanables, produces ratio measurcment scales, and
involves expert judgment in defining combinational rules marks it as having signuficant promuse in the

analysis of air weapon system capabilities.

2.4.3.1 Description.
MAUT is a general approach for combining the utility values of multiple attributes into a single measure-
ment of utility under a specified set of circumstances. A panel of experts 1s requested to develop a scale
for each vanable which reflects the relative utility of the vanable's absolute values i a @ven scenario.
Through t'us process, the absolute values of multiple variables are transformed to a common measure-
ment scale (utils). Each util scale runs from 0 to 1. As the first step in the development of the utility
function curve, judges are requested to identify the absolute value at which the vanable under considera-
tion has no utility and the absolute value at which its utility in the postulated scenario peaks.  These
absolute values anchor the opposite ends of the utility function curve. Judges are then requested to match
successive increments of change in a vanable’s absolute value above the lower anchor point to corre-
sponding increases in utility up to the maximum usetul value which is assiened a uunlity ~score ot 1A
utility curve 1s constructed by connecting these discrete poimnts. Through this procedure, & natural sero
point is established, and the utility scores are assumed to have ratio properties The absolute sadue tor
each vanable 1s converted to a utd value by tmposing i1t on the respective utiuty functon cure Thar
values now transformed to commonly based ratio measures, the vanables can be combanca o dotine the
relative value of multi-vanable attributes and multi-attnbute systems,

The combinational rules which govern ageregation at the attobute and swetom oo e e e
product of expert judgments as to the relative importance (weight) of the attnbute ~ or -t - compos

nents. The technique assumes that the experts will make rationa chowees i developine it seados and

wdentifyving combinational weights, secking to maximuze expected guns and nunumne cxpocted fosses

cach step in the process. I'flective application of the technique is dependent on a dear stutement ot the

inquiry s purpose and operative scenano, the sclection of vanables which caprure the pertinent aspects of
the phenomena under investigation, the expertise of the judges, and their access to ~utticient mtormation

3 concerning the variables, attributes, and svstems which they are evaluating.

2.4.3.2 Application

To test the theory, LeGrow devised a scenano to score fighter aireraft in a Middle ustern air supenorits
engagement  He identified three relevant components and the vanables which detined them. These are
shown in lable 2.5.

from ¢ntiques contaned in Richelson et al, op.cit., pp 882101 and Sherwin and 1 aurance, op.at.

pp Y9S-1n0.
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Takle 2.5: Air Supenonty Fighter Performance Components

PLATFORM PAYLOAD
Maximum Speed ] Missile Range
Thrust to Weight Ratio Missile_ Speed ;
Wing Loading Firing Envelope i
Combat Radius Number Guns |

EMPLOYMENT FACTORS

National Technical Capacity
National Pilot Proficiency

A two judge panel devised utility function curves for each variable and specificd weightings for each within

its component A sample utility curve tor maximum speed is shown in Figure 2.1

Figure 2.1 Aurspeed Utility Curve
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Regarding this curve, an application question arises. While there 1s no doubt that speeds in excess of
Mach 1S are of dimumished utihty in e supertority enwagcaments. would an arreraft with the technical
potential to exceed Mach L8 then be assiened a lower utility score derived from the downward loping

end of the curve? Trom the sconing tables in the Appendix. it appears that this was the case. I <o, the




score extraction ignores the fact that an aircraft which has a maximum speed capability of Mach 2.5 can

- .
" also usually operate at Mach 1.8. The same problem also appears to affect the extraction of utility scores X
L% .
. for the range value. One other problem area emerged in reviewing LeGrow's individual utility curves. |
. The utility function for national technical capacity was developed with a list of countries along the y-axis h

which were then assigned utility values. With no absolute measures of technical proficiency to govern the

assignment of utility values, the utility function curve was defined by intervals between the countries

arrayed at the bottom. The approach appears to be a misapplication of the utility concept. since the

»
Ao b a2

cost-benefit rationale which is supposed to govern curve development is abrogated. In a broader perspec-

tive, MAUT does not appear adaptable to the analysis of problem sets which include nominally or ordi-

- nally measured variables.

N These observations aside, LeGrow combined the extracted utility values in accordance with the
intervariable weightings assigned by the judges and then multiplied the platform and payload sub-totals to
generate a final weapon system score independent of country. The aircraft and their utility values are
depicted in Table 2.6.

" Table 2.6: Fighter Utility Scores - Air Superiority
) ATRCRAFT WEAPON SYSTEM UTILITY
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Unfortunately, utility scores show some of the same vagaries that plagued fictor scores. The utility value
for the Mi1G-19 identifies it as more capable than all fighters except the latest U.S. fighters and the Mirage R
I1IC and almost 50 percent more capable than the F-4li. The F-4E sits lowest in the group, a ranking |
not merited by its weapons suite or cotnbat avionics. Three factors seem to have forced these unsuitable -
results. nsufficiently comprehensive variable selection, the above noted scoring idiosyneracy. and using a
multiplicative combinational technique at the system level.

While Jacoby’s study constdered sea denial ships rather than aireraft, a partial review of his findings

tluminates some other features of the mult-attnibute utility technique.  Proceeding from 1 eGrow's
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exploratory effort, Jacoby launched a full-fledged MAUT inquiry. Most significantly, he emploved mul-
& tiple independent judges to enscribe the initial utility function curves rather than tasking two judges to
< develop consensus curves. The profound differences of opinion among 11 judges concerning one variable,
range at maximum sustained speed. are exhibited in Figure 2.2. Similarly fragmented results were

obtained for virtually every variable (15) in the problem set.27

P A}

Figure 2.2: Utility Function Curves - Runge at Maximum Speed
‘u -
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This sigruficant and largely unpatterned variation in responses pivsented an interpretation and appli-
cation challenge and illustrates one of the drawbacks of employing MAUT in this tvpe of mvestigation.
Jacoby tested two mcthods tor condensing multiple utility assessments. Just one will be discussed to
dlustrate the problem. One alternative is to mathmatically synthesize a single utility function cunve from
the curves described by the judgcs.zx He found this techmigue to be traught with mathmatical compleaty
and prone to error. For illustrative purposes, the composite utiity funchon curve derived from the cunves

depicted in [igure 2.2 1s shown in Figure 2.3

. =" Jacoby also considered the same variables under two different employment scenanos, causing cach
judge to create as many as 30 utility function curves.
N
3 =7 The other method s to score each case on cach of the initial utility curves. sum the results, and
. determine an average utility score. This is the method finadly used by Jacoby . Tike many of the

MAUT-related procedures, this solution is extremely time and manpower mtensive when rewarding a
lurge number of systems and employment scenarios.
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Figure 2.3: Composite Ltility Curve - Range at Maximum Speed
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Given the range of disparate opinion, the measurment validity of the composite curve is suspect.
Perhaps more significantly, the wide range of responses reveals the daunting intellectual challenge con-
fronting a panel of experts in determining precise value/utility matchups in a multi-faceted inquiry of this
type. Each judge is required to make what amount to hundreds of discrete judgments which are consts-

tent within the vanable being scored and across the family of variables.?

Individual judgments arc also
predicated on the respondant’s access to sufficient data concerning the variable and his interpretation of
the scenario under which it is scored. Differing scenario interpretations probably contributed to much of
the variance, even though Jacoby took great pains to detail the operating environment. The entire
MAUT -based sea denial study constitutes a significant contrnibution to the ficld of military analysis and
should be reviewed in toto by those considering application of the technique. Towever, for the purposes
of this inquiry, 1t discussion will terminate here with the identification of those attributes relevant o the

inquiry at hand.

29 e - . . .
“7 As a respondant to two MAUT surveys, the author has first-hand experience with the the diffienlty
ol maintaiming even meager consisteney.  The ctfort s so enerey and time consuming that the poten-
ttal tor obtuning a broad sample of nigorousty denved judaments is shim.

.'; 26 .

AW S s

.- R I - Lt e e T e S T T L T P LR . "~ . v ¥ - w
T e e e el T S et e e e e i PP S VR YOr LTSS U Warar oo | it nbaitedi oo tosdiidinedndnsdncduidnedesdind




- " - Ty bl Sheds ot o A i x A (4 s 3 A Bd YA St B e pan i wa LAnL g 0 SR S A JRAe JhAn LA S M 2 N B S S A

2.4.3.3 Multi-Attribute Utility Technique Summary

The most rewarding asset of applying MAUT to the analysis weapon systems’ combat capability is that it
incorporates informed expert judgment in all phases of the asscssment process, an esscntial attribute of
any reliable methodology. In particular, it offers an attractive solution to the combinational diernma
identified by LeGrow in aggregating individual factor scores. Additionally, it produces ratio level values
measured from a common base which can be inserted in subsequent force level capability calculations.
Conversely, MAUT suffers from a number of conceptual and structural liabilities. It does not legitimately
scale nominally measured variables. Its implementation is cumbersome and prone to random judgmental
influences which are well nigh impossible to isolate. Available methods for synthesizing disparate judg-
ments are unsatisfying. While not a liability per se, MAUT’s results are largely determined by the sclec-
tion of input variables and the validity of the data which describes them, a trait it shares with virtually
every other approach. Multi-attribute utility technique resolves several of the more pronounced deficien-

cies identified in other quantitative methodologies but introduces some of its own.

2.4.4 TASCFORM Force Modernization Model

The Analytic Sciences Corporation (I'ASC) developed a third quantitative methodology which incorpo-
rates the performance characteristics of atr weapons systems into combat relevant capabilitics indices
which can be evaluated on their own or aggregated into force level assessments. The air weapons assess-
ment model, TASCFORMTM-AIR, is a subset of a family of analytical models which addiess the subject
of general purpose force modernization. The original models were developed in support of the Office of
Net Assessment, Office of the Secrctary of Defense, and have subsequently been applied to specihic
research questions in support of it and other government ugcncics.‘;() The TASCEFORM methodology s
not a statistical technique as such. However, it incorporates many of the same attributes addressed by the
mcthodologies discussed above while maintaining the flexibility to consider meaningful attnbutes which
are not amenable to interval or ratio level measurement. Consequently, its array of vanables more com-
prchensively defines the combat relevant attributes of an air weapon system than earlier efforts. It com-
binational philosophy is predicated on mission specific expert judgment and can be expanded to account
for the effect of difficult to quantify factors such as operator proficiency, mantenance and logistic support,

L . . 3
and command, control, communications and intelligence (C'D support.

Sce. for instance, Congressional Budget Office. Tactical Combat Porces of the United States v
Foree, pp. 31-50: and dssessment of Fgeptian-Middle [ast actical Aviation Modernsation 10 s -
ficd). A detuled deseniption of the TASCEORM-AIR methodology s contuned i Voot /e
FASCEFORM Methodology: A Technique for Assesunse Comparaine Poree Modenmcaton, ppo 21 1o
25350 TASCEFORM is a trademark of The Analytie Sciences Corporation,
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L" 2.4.4.1 Description

‘;i The TASCFORM process follows a hierarchical path. A basic airframe svstem figure of merit s com-
i puted considering the values for four attnbutes (payload, range, mancuverabiity, speed) indexed to the
\

l value for a baseline system (the F-d4B), weighted according to expert assigned values, and sumined for
N cach muission category. In all, three mussion arcas (air combat, surface attack. anti-submanne wartare)
" . . . ~ - . .

k. encompassing 13 distinct employment roles are evaluated for 112 fixed and rotary wing aircraft.  Basie

airframe scores are then modified through a series of calculations which account for the contnbution ot

!

subsystemns (target acquistion, navigation) and associated attnbutes (countermeasures susceptibihty, sur-
vivability) to mission performance. A final weapon system step adjusts  performance indices to account
for the systems’ relative obsolence and sortie rate production potential. Finally, force level projecnions can
be accomplished by allocating candidate inventories across mission areas and multiplying them by the
corresponding performance indices. If desired, the resultant force level measures of mernt can be further
modified to account for the cffect of mmtangibles such as (331. relative aircrew proficiency and the like in
producing a final Equivalent Force Performance measure of merit. In all, TASCEFORM-AIR represents a
comprehensive, powertul, and operationally sensitive technique for quantitatively assessing the qualitative
aspects of force modernization. While designed initially to address the US Soviet force balunce, 1t is
cqually apphlicable to assessments of the force structure and military balance aspects of arms transfer policy

support.

2.4.4.2 Application

The full TASCIFORM computational skein is too extensive to unravel in this overview. Just a few of ity
teatures will be highlighted to set the stage for further methodological development.  As noted carhier, the
matial caleulation 1s anchored at the airframe level and considers payload, range, mancuverability, and
usclul wr speed indexed to the corresponding value for the F-4B. A single vanable is designated to repre-

sent cach attmbute. For instance, maneuverability 1s pegged to the indexed value for spectfic excess power

(P Herem lies the first deficieney in the approach. The selection of a single vanable might well discard
relevant imformation concerning an attribute which encompasses two or more dimensions. To use the
manueverability example. P accounts only for encrgy mancuverability (acceleration), so the factor of lat-

eral mancuverability (rate or radius of turn) 1s lost. Indexed values are modified by avionies and weapon

T

systemn attnibutes to retlect thetr “tactical impact” on basic airframe performance. The concept is solid, but
crecution s less precise than need be i two arcas. Target acquisttion capabtlity s divided mto four cat-
ceores (clear dav, clear meht, mited all-weather, good all-weathery which are assigned subjective values
(1o 100 1.2, 2.0). This approach prolubits measurement ol the very sigmificant capability ditlerences

which obtain among target acquisition svstems within these categories,  For instance, the =41~
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AN/APQ-120 radar and the AN/APG-70 being developed for the IF-15E would receive equivalent scores;
but there is no doubt that the actual performance capabilities of the two systems vary considerably. A
similar situation prevails in the air-to-air missile category where differentiation is only made between gui-
dance type and engagement mode (visual range or beyond visual range). Again, the combat relevant dif-
ferences between missiles such as the all-aspect infra-red guided AIM-9L. and the rear hemispliere only
AA-8 are not captured. Similar observations could be made concerning the survivability and sortie rate

attributes.

2.4.4.3 TASCFORM Summary

TASCFORM-AIR establishes an indisputably superior framework for the aggregation of combat relevant
attributes into mission specific outputs. It incorporates expert judgment into a clearcut, flexible, and
transparent combinational process and permnits the consideration of important but intangible variables. As
opposed to the other analytical models, it addresses the cntical role target acquisition systems play in
modern air warfare as well as permitting adjustments for employment related factors. On the debit side of
the ledger, TASCFORM fails to make sufficiently granular assessments of the differences between specitic
subsystems in some cases. In the same vein, its rcliance on single variables to describe primary system
attributes sacrifices a measure of descriptive and operationally relevant information, perhaps unneccessari-
Iy. The negative aspect of this last feature might be partially offset by the implementational flexibility it

offers.

2.5  Methodologies Summary

Regarding the sampling of military analysis methodologies which might be used to assist arms transfer
decision making, it is obvious that the dollar valuation and inventory approaches are inadequate on their
own to generate sutficiently informative assessments of the impact of an arms transfer on a nation's force
posture in a vacuum or in a regional context. They simply do not measure or aggregate information reli-
ably linked to combat capabilitics.

Factor analysis is capable of aggregating many of the essential elements but is volatile and unrcliable
when applied at the weapon system level. The forced inclusion of irrelevant data in producing specific
attribute indices is factor analysis’ greatest weakness, followed by its inability to process nominal data
without output distortion.  Additionally, a pure factor solution provides no operationally  legitimate

rationale for combining values for multiple attributes into a single system index, and the values themselves

lack the ratio properties required for force level aggregation. 5
Muiti-attribute utility theory’s greatest strength s 1ts inclusion of expert judgment in all phases of the u
evaluation, providing a particularly effective scherne for combiming values for multiple varables and attn- o
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:: butes into a single measure of effectivess under a given scenario. However, it does not legitimately
- accommodatc nominally described varables, and its administration is prohibitively cumbersome when
|:,' applied to a subject with more than a handful of attnibutes and scenanos.

r The TASCFORM mcthodology is functionally comprehensive, situationally flexible, and operation-

ally transparent and makes effective use of ¢xpert judgment. Vanable input 1s unconstrained by measure-

ment scales, and system output is well suited to modification and higher order aggregation  Its most pro-

AT

nounced drawback is a proclivity to over-simplfy input data, masking sigmificant performance diflerences
within generic categories.

In essence, no one methodology provides a holistic solution to the problem of incorporating qualita-
tive information into quantitative military assessments. The common threcad which connects them is a
8 requirement for comprehensive mission relevant vanable selection and thorough data collection and prep-
aration. Since the application of any aggregation technique will succeed or fail on the basis of these fun-
damental operations, vanable sclection and data collection will be addressed in the next two chapters.
Subsequently, data reduction and aggregation techniques which capitalize on the strengths of the afore-

mentioned models and mimumize thewr weaknesses will be discussed.

RRTRRIN |

e

- 30 - .

e v
ST e
e e T A

—
.

- . - PR .« - P T SR
. e L e e e e T e T e ST A N g e et e T s T s
BRI A ’ . et PP A "_!'-5':1!'-1'- Sadaialad I-A‘-j--_.l-l PO T PSRRI O D I -

MLt a e aTe e T e e it atlatalanal




-

Chapter 3
VARIABLE SELECTION

3.1  Structuring the Problem

3.1.1  Defining Components
Before individual measurement variables are considered, it is prudent to structure the rescarch question
more elaborately, identifying key components and their subcomponents. The importance of this step
cannot be understated since even, “a highly sophisticated statistical analysis can rarely if ever compensate
for a poorly conceived project or a poorly constructed data collection instrument.”! The problem at hand
is to develop a measurement technique which assesses the impact of air weapons system acquisition on
the air combat potential of Middle Eastern air forces. To structure or operationalize the problem, at least
two major components must be meshed:

] The performance potential of pertinent air weapon systems (aircraft plus specific subsystems) in
definable employment categories (air weapon system combat potential).

. The numbers of possessed air weapon systcms a national air force could be rcasonably expected to
employ in identifiable classes of combat operations at given points in time (force propagation
potential).

A crucial challenge is the identification of attributes and supporting variables which most compre-
hensively but cfficiently capture essential combat related capabilities. The two main analytical branches
described above must be supported by a network of functional subcomponents. In defining these sccond
level focal points. an insensitivity to the texture of the subject and the operative relationships between its
parts can be debilitating. The omission of elemental attributes can undermine a model’s relevance as was
noted in the previous chapter. Consequently, variables must be selected with a keen eyve toward the tech-
nical complexities of the phenomena they seek to desceribe. As one rescarch guide admonishes, ‘good,

. , ) ) ..
basic knowledge’ of the subject area is a mandatory prerequisite.

B s T SUNAUNFIENTATRERI A

L See Blalock. Sociaf Statistics, p. 7.

Manheim and Rich,Empirical Political Analysis, p.235.
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3.1.2  Air Weapon Systems Subcomponents and Attributes

With this injunction in mind, the air weapon system subcomponents displayed at the second level in Fig-

Pt R

ure 3.1 are offered as an intermediate framework to guide the evolution of this inquiry. The listed sub-

.'g'-'g53‘11

components are believed to define the predominant non-human elements which comprise an air weapon

systc:m.3 Looking to the left side of the second row in Figure 3.1, the first subcomponent is concerned

r
Cayt, [N

with the combat potential inherent in the airframe itself. The term airframe will refer in this study to a

basic aircraft, less avionics, target acquisition, and weapons systems. The next subcomponent addresses

target acquisition and combat-significant avionics systems, while the third is comprised of aerial wcapons."

Defining the last two subcomponents distinct from the airframe provides an added bonus. Since few tar-

X get acquistion systems and even fewer weapons are airframe unique, their segregation at this juncture

allows the construction of individuallly tailored air weapon systems configurations during the computation :}

process. The function of the fourth subcomponent is not self-evident. With airframes and their subsys-

tems treated separately, a mechanism is required to meld the potential represented by the subcomponcents

into a specific weapon system employed in a particular combat role. This relational task is the province

- of the last of the air weapon system'’s subcomponents. f':

At the next rung down the analytical ladder, a basic step is the identifcation of those attributes which

define the relative performance potential of a weapon system subcomponent. Several air combat oriented

N publications and studies suggest a varicty of candidates. The most operationally relevant of these were
flagged as key subcomponent performance attributes.

Airframe. A USAF Tactical Air Command [I‘ighter Weapons' School manual pipoimnted two

2 attributes essential to airframe performance: speed and maneuverability. Gunston and Spick's
P Modern Air Combat suggested a third: combat persistence or endurance. The fourth, vulnerability :::
.- to engagement, was derived from discrete concepts found within these two documents and the
:: TASC study.5 :
i Target Acquisition and Avionics Systems. lIsolating attributes for this subcomponent is made some-
[: what nebulous by the vanety and difterent purposes of the systems involved. However, two generic

attributes appear common: the performance capacity of the system measured or whatever scale 1s

This structure  draws heavily on idcas outlined in The = Analytic Sciences  Corporation s
FASCEFORM-AIR model and on notes pertaining to the calculation of ‘measures of air combat mernit
prepared by operations analysts at Northrop Corporation's Aircralt Division.

For lhcjmrposcs of this study, avionics will be limited 1o navigation systems, fire control computers,
and head-up displays. The acnal weapons category includes guns, air-to-air missiles and air-to-ground
ordnance.

S

See USAF Fighter Weapons School. Basic derodynamics, pp.3-20 to 3-22: Gunston and Spick, Mod-
(’m{tfs (,(»;7}1{151. pp-186-193; and The Analyvtic Sciences Corporation, The TASCIORM Methodology.
pp.2-14 to 2-15.
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v,
FORCE POTENTIAL
|
| { p |
Air Weapon System Propagation
L
L ] | 1
Airframe Target Acquisition Payload Relational
=1 Speed Performance - Lethality Configuration i
=4 Maneuverability Vulnerability d Effectiveness Utility
=1 Endurance
=4 Vulnerability
Figure 3.1 An Analytical Typology: Air Weapon System Component
Aerial Weapons. Again, the disparate natures of the systems results in the designation of generic
attributes which are a bit vague but which capture the essential combat qualitics of a weapon: its
lethality and its effectiveness in overcoming countermeasures.
Relational Factors. This subcomponent cncompasses two attributes.  [First, subsystems necd to be
related in time and space. Second, they must be related in terms of their proportional contribution
to mission output. These two attributes are referred to as configuration and relative utility respec-
tively
: 3.1.3  Force Propagation Subcomponents and Attributes
- The assembly of a family of attributes which credibly define the boundaries to realization of combat

potential for each nation over time is a daunting task. Authoritative military and academic literature

leaves no doubt that a nation’s ability to support and operate combat weapons systems is a critical deter-
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minant of mulitary effectiveness.”  Former Isracli Air Force Chiet of Staff Fzer Weizman cmphatically
stated that these largelv human factors, . . .will decide the fate of war, of all wars. Not the Mirage or any
other plane. . 7 Whle this point might be somewhat overstated, there is no arguing with its essence.
Unfortunately, the individual and national vanables which define such attnbutes as leadership, technical
acuity, planmng wsight, and operator proficiency are virtually impervious to operationalization i the
.'1g:_'rcg:nc,R Heroie atternpts have been made to asolate the vanables associated with national support
potential and operator proﬁcicncy.g However, a thorough review of the suggested methodologies sub-
stantiated that they involved collection of information concerning varables which would greatly exceed
the resources of this research effort (e.g., aircrew training and continuation flying hours) or surrogate vari-
ables whose relationships to the attnibutes they were stipulated to represent were tenuous.

As an additional consideration, the measurement techniques suggested by most rescarchers who hanve
attacked this probiem focus on those vanables which might concetvably capture some portion of a
nation’s ‘microcompetance’ to operate and employ weapons systems.  No systematic measure of the
equally important attribute of the ‘macrocompetance’ required to organize and employ the weapons is
available. A review of three decades of Isracli air victories in the Middle East suggests that the latter 1y
just as important as the former. lor these reasons, the effort to derive national measures of ment for
operator proficiency or employment effectiveness was deferred to other researchers.  Indeed, it is probuble
that regional experts can subjectively factor in these considerations with greater validity and cthicieney than
can be generated by a fixed computational scheme. 10

As a result of this determination, the cvaluation of employment factors in this study s limated to
those factors which inscribe an outer boundary on a nation’s capability to gencrate its combat forces.
& With this caveat, the analytical typology dealing with force propagation is displayed i Frigure 3.20 Olbwa-

ously, the inventory of air weapon systems possessed by a foree 18 a necessary point of departure. s

gross total must be further cluborated by a term which reflects their hikely allocation to ziven comba

the picture, some measure of a nation's cumulative potentil to employ the opera-
fb et de

roles.
Fxeellent discussions of realistic constraints imposed by operational and support capabihities can be
found in Pascal ¢t al. Men and Arms in the Middle Fast; de Teon, The Peacetime Fvalutaion of the
Pidor Skl Factor in Air-to-Air Combat, Kemp, Arms and Security; and DuPuy, Measunny Combat
Itiectiveness’; among others.

-1

Quoted in Lambeth, Voscow's Lessons from the [982 [ ebanon Air War, p 31, Tronteals . Tsacl Tas
consistently pressed for the subsidized acquisiion of the most advanced Amenican systems and ener-
eetically contested the Arab acquisition of the same or lesser capabilities.

See, tor mstance, Benjamin Fambeth's comments in Pitfalls in Fighter Foree Planning | pllo.

9 . ‘ L . .
Scen particular Pascal et al op.at., Timperfake and Feveen, A Methodology tor Dsimating Compara-
tve tircrew Proficiency, and 1 eveen and Vogt, A Methodology for dssessing Grounderew Prolicienc:

10

Fhis s an adaptation of the inmpunction eredited to Al Finthoven, The pomt s to render unto
computers the things that are computers and to judgment the things that are judements. Quoted
U SGAO), Vodels, /)(lltl, and W ar, P./.l.
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tionally available inventory in the combat roles to which they have been allocated must te derived. The
ability to generate assets is the product of three attributes: the proportion of the force available for combat

operations, the mantenance support they require, and the maintenance resources on-hand to service

thcm.“
|
l
:
FORCE POTENTIAL |
| i
1 1 !
Air Weapon System Propagation |
|
| | |
Force Generation
Inventory —l Availability j
|
|
Allocation Mx Requirement ;
Mx Availability |
Figure 3.2: An Analytical Typology: Force Propagation Component :
"9
]

Regarding Figure 3.1 and Iigure 3.2 together, the attributes identified at the third level of the hier-

archical structure represent the basic blocks with which a force level combat assessment can be buslt. As

P
(I

PO

such, they constitute a map to guide the scarch for potential capability measurcment varables. The
numbers of varables describing a particular attribute might be as few as one or as many as ten or more.

Therr selection s a function of the nature of the attribute. the relevant observations which pertain to it.

A-m:".'.

.

PN S

and the availability of deseriptive data.

.

A

The abbreviation "Mx is used as a shorthand term to describe maintenance.
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3.2 Variable Selection Guidelines

Even within these structured confines, the plethora of candidate vanables far outstnps processing ot sntel-
lectual resources. Consequently, the explanatory power of possibly pertinent vanables has to be sereened
finely to extract the mimimum number which explain the maximum significant vanance in wr weapon
svstem and national performance potemial.12 The number of vanables linked to an attnbute should not
be so harshly pruned that comprehensive evaluation becomes llusory. On the other hand. redundant
variables which capture the same essential facet of an attribute need to be eliminated to avold analytical
distortion. The more definitive the scale on which a vanable is measured, the more precise are the results

which can be obtained from its analysis. Consequently, ratio or interval scaled vanables are preferrable to

- those valued on nominal or ordinal scales. However, ratio or interval level measures are not always ]
. applicable to or available for key vanables. While nominally described vanables are not fully amenuble to R
some statistical processes, they should be included in the analysis it no legitimate aiternative exists. Cap-
turing the effect of relevant attnibutes 1s more critical than adulterating the substance of the problem to

accommodate sophisticated statistical techniques.

Ty

A final temptation to be eschewed is the substitution of accessible “surrogates’ for qualities which are
P- not directly observable or or easily quantifiable. The use of surrogates is not in itself an unsound practice:

but each surrogate must be subjected to ngorous scrutiny before inclusion. The incorporation of surro-

gate vanables which are only minimally or coincidentally related to the qualities they are designated to 5
. represent cannot help but distort the resulting analvsis from a substantive standpoint, often lethally.
- In the same vein, the creation of composite or index vaniables stipulated to stand in for a more com- =
- plex and mathmatically indescribable characteristic must be treated cautiously. Indices frequently consvey q
- meaningtul performance related information unobtainable through any single component measure. In the
realm of aircraft, thrust-to-weight ratio, wing loading, and wing aspect ratio are all widely recoenved as j-
legitimate indicators of cnergy mancuverability, tuming capability, and relative lift respectively. However, h
indices are legitimate only when their components have a functional impact on the charactenstic being ‘

represented and their combinational mode reflects an engineering or operational reality. A poorly chosen

surrogate or an invalidly constructed composite vanable not only can miss the mark. 1t can lead the anal-

vs1s astray.

In consonance with the preceding, some basic ground rules are offerred to govern the wWentitication of

study vanables. :
b
i'.v -
b e
D LS S EEIENT PR
o 2 s principle is often referred to as_‘parsimony” and 15 commonly acclumed as one of the hey attri-
- butes of any higher-order rescarch effort. See, for instance. Manhéim and Rich, op cit . p 153
.
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. A list of candidate variable supporting the analytical structure described above should provide

TR N e v oYL

broadest practicable explanation of the sources of variance implicit to each attribute.

el
[ ]

Vanabile lists should be culled to the minimum required to explain combat relevant variance, climi-

nating redundant measures.

U Comprehensive attribute representation should overrule concerns for parsimony.

. Variables should be selected which represent the highest level measurement of the attribute being
portrayed but should not be eliminated if only measurable at a lower level.

. Surrogate vanables should be used only as a last resort, and composite variables only when func-

tional or operational precedents had been established.
3.2.1  Variable Selection Process

3.2.1.1 Air Weapon Systems

A list of candidate system variables was compiled in ‘shopping list’ fashion, relying on attributes fea-
tured in publications such as Jane's Al the World's Aircraft, USAF Fighter Weapons School's Busic Aer-
odynarmics, and Modern Air Combat. Other variables were gleared from periodicals such as .Aviation
Week and Space Technology and Air Force Magazine. Finally, variables considercd in other military
analyses were appended to the list if not previously included.!3 As a final test of inclusiveness, the vari-
able list was submitted to a panel of three fighter pilots and one intel'igence expert for review, and their
revisions incorporated.

The 1nitial 300 variable list was exhaustive but unweildly and inappropnate for further action without
aggressive winnowing. It is immediately evident that collecting data on this number of variables is over-
whelming, even 1n the unlikely circumstance that the requisite data were available in unclassificd sources.
Some categones of of vanables had to be simplified to permit concentration on the most salient combat

related attnbutes. Avionics systems with important combat performance implications are treated generi-

cally as nomunally scored single vanables. Tor instance, the varable "NAVCAT’ cites navigation system
type, and the presence of head-up displays and integrated fire control systems is captured in nominal vari-
ables. The profusion of air to ground weapons svstems and the multiplicity of associated characteristics
make them a particularly unweildly varable group.14 Nonctheless. categorical variables are retained to

indicate an aircraft’s precision guided munitions capability and type, partially accounting for advanced

13

For istance, [ eGrow offers a thorough discussion of some performance variables and the dimen-
stons they capture, while, TASCEFORDM < charts and equations give a good overview of the attributes
and their inter-relationships. Sce also Cordesman, Jordanian Arms and The Gulf and the Search for
Security '

It 15 reassuning to note that The Analvtic Science Corporation arrived at the same conclusion con-
cermung arr to ground weapons in their quite exhaustive study.
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analysis of a family of maintenance variables was deferred. Instead, the single variable, Man-Maintenance

Hours Per Flying Hour (MMII/FH), recommended by Epstein as the best single indicator of support

complexity, was introduced. '3

3.2.1.2

Application of the above considerations reduces the number of varables to be considered to man-

Airframes
ageable proportions. In addition, the structure was moditied slightly to facilitate automated manipulation
and statistical processing.16 The initial complement of variables intended to portray the attributes of an

airframe itself is displayed in Table 3.1 The variables annotated with asterisks (*) are measured on a nom-

inal scale. Definitions of the variables follow the table. A complete file description 1s in Appendix A.
1
Table 3.1: Airframe Vanables

A1rcraft Role
Wing W1n§ Surface
Wln% Aspect Ratio Combat Weight

y Maximum Weight
Com at Wlng Loadlng Internal Fuel
Fuel Fraction Combat G Limit
Maximum Thrust Thrust-to-Weight Ratio
Variable Wing™* Variable Camber¥
Maximum Alrspeed FL360 Spec1f1c Energy At Altitude
Maximum Airs gec1f1c Energy
Rate of Clim SL all Speed
Rate of Turn, Spec1f1c Excess Power
Service Ceiling Intercept Radius
Attack Radius Combat Range
Maximum_ Ordnance Weapons Stations
Internal Guns Gun Rounds

Aircraft, The name and variant of the aircraft.

Role. Defines the aircraft system type (c.g., fighter-interceptor, bomber-ground attack). Not to
be confused with nationally determined employment codes which are associated with the
inventory subcomponent.

Wing Span. Distance from wing-tip to wing-tip, not considering tip mounied stores.

N R L T ey

15

Epstein, Measuring Military Power, p.19.

16 The Statistical Package for the Social Sciences, release Ten (SPSSX) was used for the creation of
data files and all st tistical and computational processing. A micro-computer based set of files and
procedures is currently under development.
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Wing Surface.

Total wing surface area, not considering tip mounted stores.

« »
Sl e

Wing Aspect Ratio. ) ] ) , )
Describes the planform shape of a wing, a factor which affects the wing’s lift coetficient.

Combat Weight. ; ) ' i ] , . i ' "
A weight calculation which defines the likely gross weight of an aircraft when engaged in

combat (as opposed to maximum takeoff weight).

Empty Weight. i . i )
The weight of an aircraft fully equipped less fuel and stores.

Maximum Weight. ) ' ) )
The maximum takeoff weight of an aircraft fully fucled and loaded with stores. “4

Internal Fuel. The intemnal fuel capacity of an aircraft measurcd by weight.

Wing Loading. ] ) i ) . ‘
The ratio of combat gross weight to wing surface area. Indicates the relative turning per-

formance of an aircraft, with an inverse relationship between the two.

Fuel Fraction. ) _ ' 4 ) o
Compares the internal fuel weight of an aircraft to its combat gross weight as an indicator

of combat persistence.

Combat G Limit. ) . ) _ _ ) _
The maximum centrifugal force, expressed in terms of acceleration of gravity, an aircraft is

designed to withstand in maneuvering combat.

Maximum Thrust. i ) ) o
The maximum ‘wet’ (with afterburncr) thrust which an aircraft’s powerplant can generate

at sea level.

Variable Wing. ) } )
Notes the presence of a variable gcometry or ‘swing’ wing.

Variable Camber. _ ) ) .
Notes the presence of devices such as leading edge slats or mancuvering flaps which

change the camber of wings in flight, thereby improving turning performance.

Thrust-to-Weight Ratio _ S o
Compares the combat gross weight of an aircraft to its installed thrust as an indicator of

its ability to accelerate and sustain turn rates.

Maximum Airspeed FL360. ' . ) . o ) -
Measures maximum airspeed in a high altitude profile. This altitude (36,000 feet) was -

selected as it represents the high end of a likely combat envelope under most scenarios.

Maximum Airspeed SI.. ) ) ) _
Mecasures maximum airspeed at sea level. Sea level was selected as representative of the

low ¢nd of the combat envelope, at which aircraft might well have significantly ditferent

speed capability than at higher altitudes, thus giving a better perspective of ‘usclul speed'.
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Specific Energy Alt. _ o ‘ ) _
A measurement of the total mechanical energy (kincetic plus potential) of an aircraft at its

maximum air speed and service ceding.

Specific Energy SL.
As above, except measured at sea level.

Stall Speed. Speed at which the aircraft’s drag exceeds its acrodynamic Lift in level flight.
Rate of Turn. The maximum instantaneous level turn performance an aircraft can achieve at sea level in
clean configuration.

Specific Excess Power. . . ) , .
Measures an aircraft’s ability to change its energy state by accelerating. Calculated at a

particular condition of flight (10,000 ft, Mach .9, level flight in this instance).

Service Ceiling. o o _
Altitude above which aircraft is incapable of further acceleration.

Intercept Radius. . i ) o i o
Maximum radius at which a normally air-to-air mission configured aircraft can conduct a

sub-sonic area intercept mission.

Attack Radius. . i . i o ' .
Maximum radius at which a normally air-to-ground mission configured aircraft flyving a

hi-lo-lo-ht profile can attack a target.

Combat Range. ) ) ) . _ o
Maximum range at which an aircraft can conduct its primary combat mission.

Maximum Ordnance. ) ‘ ) )
Maximum weight of air-to-ground ordnance which the aircraft can carry.

Weapons Stations. ) ) ‘
Number of weapons stations available for air-to-ground ordnance.

Internal Guns., _ o
Number of guns mounted intemnally to the aircrait.

Gun Rounds.  Number of rounds of ammunition normally carricd for the internal gungs).

3.2.1.3 Target Acquisition Systems
The next data set is comprised of performance varables associated with target acquisition attributes.

While it consists of vanables measured on both ratio and nominal scales, only the ratio level vanables are

.o
Py

candidates for statistical manipulation. It is displayed in Table 3.2, with nominally measured variables
annotated (*).

Name. Most frequently, the alpha-numeric designator assigned to the system. In the case of US.

PP P

systems, the leading “AN’ portion of the designator has been dropped. Por those systems

for which the designator is not published in open sources, such as the SU-27 Flanker. a

'.L]

descriptive entry (i.e., ' FLANRAID) is usced.
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Table 3.2: Target Acquisition System Variables

Name Code

Qutput Power CoveraEe
Range-High Target Range-Low Target,
Data_Points Track While Scan*
CW Illumination¥® ., Ground Magplngw,
Doppler Beam Sharpening* ECCM Capability™*

Code. A four letter descriptor of system type. The first two letters describe the system’s generic
category (e.g., 'RA’ for radar, 'LA’ for laser) and the second two address its primary

employment role (e.g., ‘Al’ for air-intercept, ‘GA’ for ground-attack).

Output Power. ) .
Actual or equivalent power emitted by system.

Coverage. Angular lateral coverage provided by the system, akin to the field of view.

Range-High Tar%et. ) . . ) . .
Maximum range at which a fighter-sized target operating at the same or higher altitude

could be detected.

Range-Low Tar%t. _ . ) ) )
Maximum range at which a fighter sized target operating at lower altitude could be

detected.

Data Points.  The number of relevant information points (such as range, bearing, altitude, airspecd) the
system generates concerning the target.

Track While Scan. ) _ ‘ .
Ability to continue to scan for potential threats while tracking the highest threat targei(s).

CW Illumination. . _ . o . . o
Ability to provide the continuous wave target illumination required to guide semi-active

radar homing air to air missiles.

Ground Mapping, ] . ‘ i . ] ) .
Ability to provide radar display of ground environment with sufficient resolution to iden-

tify geographic or cultural features.

Doppler Beam Sharpening. ) . _
Ability to increase resolution of ground map display so that targets or wayppoints can be

castly 1dentified.

ECCM Capability. ' ) ' _
ndicator of system’s relative resistance to electronic counter measures through features

such as side-lobe suppression or frequency agility.
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3.2.1.4 Air-to-Air Missiles

The next variable set, outhned in Table 3.3, is comprised of variables associated with air-to-air mis-
stles. As with target acquisition systems, this table lists variables measured on both ratio and nominal
scales. Normunally scaled vanables are not being considered for statistical processing, although they will

eventually be involved in combat potential computations.

Table 3.3: Air to Air Missile Vanables
Missile Diameter Missile_ Length .
Missile Weight Terminal_ Guidance Mode* i
Maximum Range-Head On Minimum Range-Head On
Effective Range-Head On Maximum Range-Tail !
Minimum Range-Tail Effective Range-Tail
Warhead Weight Fuzing Options
Maximum Speed = | G Limit .
ECM Susceptibility™ Guidance Score® |

Acquisition Mode™

Missile Diameter. o
Diameter of mussile’s body.

Missile Lengtis. o
Length of missile.

Missile Weight. ) ) o
Gross weight of the missile.

Terminal Guidance Ylode. . ) ) )
Method (semu active radar homing, infrared, active radar homing, command guided. etc.)

by which missile is guided during its terminal phase.

Maximum Range-Head On. ) o . ) ‘ ‘
Maximum range against a target which is converging with the launch platform trom the

forward hemisphere.

Minimum Range-Head On. X o _ o , _
Range from the launch platform within which the missile is ineffective against a target

approaching from the forward hemisphere.

Effective Range-Head On. o . o _ ] o
Range envelope within which the missile is cffective against a target approaching tfrom the

forward hemisphere.

Maximum Range-Tail. ) '
Maximum range against a receding target.

Minimum Range-Tail. o ~ S _ '
Range from the launch platform within which the missile is inclfective against a receding

target.
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Effective Range-Tail. . _ o ) . '
Range envelope within which the missile is effective against a receding target.

Warhead Weight. o
Weight of missile warhead.

Fuzing Options. . .
The number of fuzing methods available.

Maximum Speed. o
Maximum missile speed to burnout.

G Limit. The maximum centrifugal force, expressed in terms gravitational acceleration, the missile
can accept; an indicator of maneuverability.

ECM Susceptibility. o . o )
A'relative measure of the missile guidance system'’s susceptibility to defcat by clectronic

e Yy v Yy ey S S TR T

combat measures such as flares, chaff, or jamming.

Guidance Score. = . .
An indicator of relative guidance system accurancy.

Acquisition Mode. o i ) .
Indicates if guidance system is capable of locking-on to a target beyond visual range.

3.2.15 Aerial Guns
The final weapon system table, Table 3.4, lists key variables associated with aerial gun systems. All

of the vanables are measured at the ratio level.

Table 3.4: Aerial Gun Variables

Calibre Maximum Effective Range
Dispersion Muzzle Velocity
Rate of Fire

Calibre. Calibre of gun

Maximum Effective Range. . o o ) i . _
Maximum range at which projectile maintains sufficient velocity to remain cffective.

Dispersion. A measure of relative accuracy which reflects dispersion of rounds around a mean point

of impact.

Muzzle Velocity. ) o
Projectile velocity as it exits the gun.

Rate of Fire.  Maximum number of rounds which the gun can fire tn a minute.

-43 -

- - P D P T “.'5.'-"." ‘.‘.~'.'.'. Y R S | G I T e et et e T e e
P R P S AP PSP u PR S WA P oy PP SR SR W S LA PAPLI W W VO i\ PPN -

f, '. y
Ty

4
o
=
e
T
"
T
B

-




o Mumy .

“e N

55

i

2%

-
.
f-

o
.:. . - N

'. -

P .« t e - -t '—~" ."- -~'» -.' .
PRSI T LA S T TG T Dl W SP™ S Jre . e 1

3.2.1.6 Relational Variables

Aircraft Configuration. This set of vanables mates the airframe with its subsysterns (target acquisition and

weapons). In addiuon, it contans those combat-related performance vanables which are not suited to
statistical manipulation but which still need to be considered 1n calculating air combat potentid. For ease
of manipulation, these are assembled n the configuration tile shown nn Table 3 5. As was the case previ-
ously, vanables are defined tollowing the table. Vanables mvolv.'cd i mission potential computations are

annotated (*), and a formal file descrniption is located in Appendix A.

Table 3.5: Aicraft Configuration Vanables
Crew Members™ , Air Refueling Capable*
Navigation Category™ Radar Warning Receiver®
Passive ECM* Active ECM™ L
Radar System , Other Target Acquisitiogn
Head Ug Dlsplax“ Stability Augmentation¥
Radar Guided Number Radar AAM*
Infrared Guided AAM Number Infrared AAM¥
Gun System . PGM Capable~ . )
Release Point Computer* Maintenance Hours Per Flying Hour¥*

Production Country

Crew Members. . )
Number of aircrew members normally assigned.

Air Refueling Capable. ) ‘ )
Indicates if aircraft ts capable of aenal refueling.

Navigation Category. o o . _
Identifies most sophisticated catcgory of navigation system fitted to the aircraft.

Radar Warning Receiver. ) .
Indicates presence of an electronic warfare threat recciver (detector).
Passive ECM. ) . ) . i )
Indicates capability to dispense non-intrusive clectronic combat expendables such as tlares

or chaff.
Active ECM.  Indicates equippage with internal or external radar jamming or deception systems.

Radar System. ) o o _ ) .
Identifies the target acquisition radar (air intercept, air-to-ground, or multi-mode) tnstalled

in the aircraft.

Other Target Acquisition. . o i
Identifies additional target acquisition systems (infra-red search track, laser, forward-

looking infrared) installed in or on the aircraft.
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Head Up Display. o '
Identifies the presence of a system which displays operational and combat related data on

a combining glass at eye level.

Stability Augmentation. ) . . i
Measures to increase platform stability during air-to-ground weapon delivery.

Radar Guided AAM. o ) )
Identifies the radar guided air-to-air missile normally carried on the aircraft.

Number Radar AAM. ) )
The number of radar guided AAMs normally carried.

Infrared Guided AAM. ) ) ]
Identifies the infrared guided AAM normally carried by the aircraft.

Number Infrared AAM. . ) S
he number of infrared AAMs normally carried by the aircraft.

Gun System. Identifies the aerial gun normally mounted internally.

PGM Capable. . . ) ) o _ ] o
Indicates aircraft potential to deliver precision guided air-to-ground munitions.

Release Point Computer. ) ) o
Indicates presence of a computer which provides a CCIP/CCRP type solution for release

of bombs.

Production Country. ) ) o ) )
A code which describes the initial country of production for the air weapon svsterm. The

singular exception are a few indicators which credit a host country such as Isracl with
making such drastic modifications to the aircraft that it is drastically diffcrent from its
antecedant.

Maintenance Hours Per Flying Hour. ) ) )
An estimate of the man-maintenance hours required to support one flying hour by a par-

ticular system.

Relative Utility. The problem of identifying variables which relate system and subsystem attributes to
mission output potential presents a thomy challenge. No definitive methodology entirely congruous with
the objectives of this project could be identified, although the TASCFORM model embodies many
applicable concepts. Applying TASC’s concepts in conjunction with advice from air operations experts,
those junctures were isolated at which key combat related attributes were joined, building from the sub-
component to the full air weapon system level. For example, if an airframe possesses attributes categor-
ized as speed, mancuverability, and endurance, these would interact in varying proportions to contribute
10 combat success in particular missions. At a higher level. the summed attributes of the airframe would
interact with the summed attnibutes of the the target acquisition system and payload in proportions the
values of which would be differentiated by mussion. Employing this ‘building block™ approach, the list of

variables shown in Table 3.6 designates the juncture points. The values for each variable represent the
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’ relative utility of a given attnbute at a given juncture. To eliminate redundancy, cach entry actually rep-
,l . . . . . .

E:: resents four variables, one for each of the projected combat roles: air defense, air supenonity, interdiction,
e and close air support.17 The breaks in the table represent the progression of ‘blocks’ building to full air

weapon system potential. 18

Table 3.6: Relative Utility Value Vanables

. ... Airframe Component . L.
Airspeed Utility L Maneuverability Utility
Combat Endurance Utility

.Payload Component L
Infrared AAM Utility Radar AAM Utility o
Gun Utility L Unguided Ordnance Utility
Guided Ordnance Utility

. Target Acquisition Component .
Visual System tlllt{. Radar System Utility
Secondary System Utility

] En%aﬁement Vulnerability Component L
AlrSBegd_U ility Maneuverability Utility
ECM Utility Signature Utility

. ... Air Weapon SXstem L .
Airframe Utility cquisition System Utility

Payload Utility

3.2.2 Force Propagation Variables

Two alternative vanable defimtion strategies were considered for assembling inventory data. Much ol the
arms transfer literature concentrates on describing and evaluating the flow of weapons and associated
capabilities. While this approach has its merits, evaluating the combat potential which results from the
transfers involves the broader task of fixing those capabilitics in the context of a national and regional
force structure.  Additionally, the task of assembling a unfied body of reliable data on the flow of arms is
fraught with uncertainty. The potential for gleaning accurate data on major systems once they have been

introduced 1nto an mventory is more promising than attempting to capture them ‘in the pipeline.

----- SRS EE LS

L I'he tormal deseription for this file is not presented in Appendix A, since the file 1s actually composed
of 76 discrete vanables eryptically identified. The presentation in Table 3.6 should convey sutficent
information to grasp its content adequately.

19

The "Vulnerability Component” constitutes a factor which depreciates the combat potential of the
entire air \VC(lE()_n system. As such, the relative values for its subcomponents need to be wentified,
but it has by detinition a relative utility of unity
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3.2.2.1 Inventory

Consequently, an inventory approach was selected. To preserve the capability to track combat potential
back to the arms transfer source, the country of production variable in the system data sets could be
employed. An additional consideration is the identification of the likely employment of a weapons system
by a given country. Consequently, a variable stipulating employment code is necessary. Table 3.7 lists
the inventory related variables on which data would be collected. While the formal inventory tile,
described in Appendix A, includes information at the weapon system level only, a separate listing of sub-
systems available to a given country was prepared off-line for entry as variable values in the system con-

figuration file.

Table 3.7- Inventory Variables

Country Code
Eon System Name
oyment Code
Wea on System Inventorz
Operatlonal Availability Rate

Country Code. ) o )
A two letter code, corresponding to DoD standard usage, which identifies the country

possessing the weapon system.

Weapon System Name. ) .
The name of the air weapon system. Identical to aircraft name.

Employment Code.
An alpha-numernc code which identifies the likelv combat role of the unit to which an air

weapon system is assigned (c.g., ‘'FGA’ for fighter-ground attack, ‘MR for fighter-multi-
role).

Weapon System Inventory.
The number of a particular aircraft possessed by a country in a given year.

Operationally Avnllable Rate.
I'he estimated fraction of possessed aircraft which would be available for operational

cmployment.

3.2.2.2 Employment
As noted earlicr, this study will limit its employment purview to those quantifiable attributes which ump-
inge dircctly on a national air force’s capability to gencrate a multiple (sortie rate) of the combat potential

embodiced in its individual weapon systems. Joshua Epstein convincingly demonstrated the viability of
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this concept in evaluating the Soviet air threat to Europe. Epstein contends that by weighing the amount

of maintenance required by an inventory of aircraft against the amount of maintenance available, the ana-

lyst can set a sortie generation bounda.ry.19 While Epstein acknowledges the important roles personncl

quality, doctrine, and organization play in determining actual rates within an outer sortie generation

boundary, he asserts that calculating the boundary at least defines the ‘worst case’ eveir when all the other

variables are assumed to be equal. Operationalizing the problem requires that the researcher collect data

which describes the maintenance requirement imposed by each aircraft, the maintenance resources avai-

able to the national air force, and the employment scenarios in which the force will be employed.20 ’
To inject a greater differentiation and realism into the problem, additional qualitative variables will be

considered on an experimental basis. One study by The Analytic Sciences Corporation concluded that the

quality of ground support is the product of the motivation and technical acuity of the scrvicing ground-

crews. The technical acuity dimension is measured by assessing relative educational levels and the effects

of exposure to technical systems like automobiles and telephones. These measurements are modified by a

term which estimates the range of the population to which the average technical valuc would apply and

accounts for the influence of foreign advisors. Motivation is purportedly captured by scaling nations on a

psychologically oriented matrix which assesses relative adherence to the “active mastery” theme inherent in

the "Protestant Ethic'.21 While this approach might well be valid, the underlying psychological principles

and assignment critcria are too speculative to be applied here. Consequently, vanables suggesting motiva-

tion were drawn from two other studies which addressed an analogous subject.22 These include the

number of armed forces per * - usand, military expenditures per capita, and military expenditures per

GNP. The latter two varables also provide some indication of the relative investment in support e

resources being made by the country concerned. The resulting employment variable set is depicted in

Table 3.8. Only the top two quantitative variables will be included in the bascline methodology. The

remainding qualitative variables will be emploved for experimental purposes only and are by no means #
definutive.
R T LR N
4
19 Another study focused on Furope contends that, in the Furopean environment at least, the avalabil- Y
ity of pilots might be an even more potent predictor of sortie generation boundaries.  Sce Alberts,
Deterrence in the 1980's: Part 1, The Role of Comventional A Power, p.32. This limitation will ]
apply even more stoingently in most Third World countres.  Unfortunately, its consideration was -
deferred because of the predictable lack of airerew information at the unclassified level. Tlowever. 1t
is a factor which might be reintroduced if sufficient information became available. =

Discussions with Northrop Corporation analvsts revealed that they include estimates of sortic dura-
tion by mission type, the length of the flving day, and the length of the maintenance day i sheir sor- -
tic generation computation. While the methodology they employ is considerably more sophisticated i
than the one contemplated here and is anchored at the weapon ‘system rather than foree {c\'cl. their

approach is generally consistent with Fpstein's.

See Leveen and Vogt, 4 Methodology for Assessing Grounderew Proficiency. pp.2-1 to 2-34.

Sce Timperlake and Leveen, A Methodology for Esumaung Comparative Aircrew Proficiency, p A-11
and Pascal ¢t al, op.cit., p.38.
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Table 3.8: Sortie Generation Variables

Maintenance Hours Required

Maintenance Hours Available

Literacy Rate .

Percentage Eligible in Secondary School

Armed Forces Per Thousand .

Military Expenditures Per Caglta

Military Expenditures Per GN ]
Military Expenditures Per Government Expenditures

3.3 Summary

This section has outlined a methodological structure which will be employed to channel the collection of
data relevant to the assessment of the combat potential of Middle Eastern air forces as a function of their
acquisition of air weapon systems. The overall problem was decomposed into two components: one
which addresses the combat potential inherent in the systems themselves and a second which considers the
force propagation potential of the operating nation. Each component is further segmented into a hier-
archy of subcomponents, attributes, and the variables which describe them. The structure created in this

chapter in essence constitutes a data collection plan, the implementation of which will be discussed in
Chapter 4.
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-~ Chapter 4 .
DATA COLLECTION

4.1 Collection Boundatries.

L T S R L)

Since the goal of this study is to evolve a workable methodology rather than to provide unuversally appli-
cable substantive solutions, it was necessary from the outset to draw some boundaries for duta collection
S and analytical focus. The regional boundary (Middle East) has already been drawn, but some additional
- limitations need to be imposed. Though the definition of these boundaries restricts the playing field

- somewhat, the essentials of the game are preserved.

4.1.1  Temporal.
Only those combat aircraft employed in the region during the last decade or which might reasonably be

introduced into it during the next will be considered. This temporal limit might appear to couflict with

1A,

! the injunction laid down by other researchers to construct evaluation schemes valid over tume, with data
bases looking back to World War Il vintage aircraft. Ilistorical merit aside, such a broad approach ~eems

R unduly effusive in a scheme geared primarily to forward looking evaluation.

5 ; 4.1.2  Functional.

. A further limitation is to concentrate on those aircraft involved in primary combat roles. Consequentls

: systems such as the E3AJAWACS, E2C, Hawkeye, reconnaissance platforms, and airborne tankers are not
included, although they support combat operations. Similarly, aircraft whose sole function is atrerew pii-

: mary training arc not included, but those advanced or conversion trainers which could be castly hutted

i a combat role are.! Finally, rotary-wing combatants are not addressed in this initiad study, aithongh thes

! promise to play an increasingly significant role in Mideast combat. These restrictions on systems consud- -

! cratton limut the ficld somewhat severely and regrettably exclude some important support aspects of com- R
bat potential estimation.  Nonetheless, the inclusion of over 120 combat aircraft makes it a representatine :

|
S ! and viable data set.
[
1
|

Some reconnaissancee Lo trainng versions of combatant airciaft were included in the initial data base
! comptlation and analysis phases and are displayed in the orders of battle. However, no combat poten- T
: tral scores were computed lor them,
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4.1.3 Informational.

A final note on limitations is intended primarly for U.S. Government users. The data included in the
various study data bases are taken strictly from open source, unclassified materials. As a result, individual
data values might be at odds with those reflected in classified documents. Additionally, the author was, at
times, required to rely on an estimative process to arrive at data values he recognizes are specified more
precisely in authonritative classified data bases. This limitation was imposed for two reasons. large-scale
automated statistical processing could not be conducted in a classified epvironment at the research institu-
tion. Also, a classified product would not be widely available for the critical review and comment of aca-
demic researchers. The unclassified data, although less precise, satisfactorily describe key varances, and
the penalty paid in accuracy by using them will be outweighed by the value of critical comments from the

academic community.

4.2  Some Collection Principles.

4.2.1 Leveling the Field.

The research and intelligence communities are often captivated by the illusion that there is somewhere a
number which reflects ‘truth” with a capital “T". In reviewing the many publications and articles offcring
information on weapon system characteristics and inventories, one is struck by a multiplicity of contend-
ing ‘truths’. There is a profusion of data on many variables, but a substantial portion is contradictory and

of undefined derivation. The producer claims the ground attack radius of an F-20A is 550NM, while

other sources list it as 455NM and 595NM respectively. One very well informed author altematively
notes the AN/APG-66A (now termed AN/APG-68) radar has a maximum target acquisition range against
a low altitude target of 47NM in one book and 38NM in another. Defense related literature is replete
with such examples. In the absence of a definitive classified source, what rule of thumb can be applied to

discriminating among competing ‘truths?

4.2.1.1 Conflicting Evidence

Along with simple error, deviations in data values appear to proceed primarily from two sources. Per-
formance charactenistics are observed under a variety of conditions. Factors such as weapons load, mis-
sion profiles, estimates of combat duration and loiter time all contribute to the measurement of a variable
like ground attack radius. LEven seemingly straightforward characteristics (e.g., combat weight, thrust-to-
weight ratio, wing loading) can be calculated from different but often unspecified bases.~ Except in classi-
fied technical publications, it is rare that these conditions are cited. Lven when they are, the conditions

-~

Analogous considerations ;m{vl_y to other types of data observations as well. Is an arms transfer
counted upon imtiation (SIPRI) or upon consummation (ACDA)?
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are invanably unique to a particular case or to a small family of cases. Consequently, it is virtuaily
impossible to identify values for a variable down an entire list of cases which were similarly observed.
The second source of deviation stems from the difference between design goals and realized operational
performance. With newer systems especially, the lack of an established performance history appears to

leave the field open to “best case’ analysis and some measure of speculation.

4.2.1.2 Resolving Contradictions

There is no neat method for unravelling the resultant web of uncertainty, but its grasp can be loosened if
the collector recognizes the sources of variation and attempts to level the playing field. In this study, no
one source was viewed as ‘gospel’. Values for a system or inventory variable were collected from several
sources, along with information on measurement criteria when presented. When values conflicted, meas-
urement conditions were examined if available or estimated if not. The value was selected which most
closely approximated the weapons and fuel loads and operational settings deemed likcly in regional com-
bat. Even when data did not conflict, observation conditions were reviewed or estimated to assess their
correspondance to the regional employment environment. If deviations appeared substantial, values were
adjusted accordingly. Once the basic data had been sifted, mathmatically derived values for variables such
as combat weight, wing aspect ratio, thrust-to-weight ratio, fuel fraction, and wing loading were recom-
puted using the formulae described below. This procedure generated a set of data bases in which the

sources of deviation had been minimized and in which the biases, if any, were at least consistent.
4.2.2 Filling Gaps

4.2.2.1 All the Numbers
Missing data are the bane of the quantitative researcher. Missing data adulterate statistical results and cast
suspicion on final values computed for each case. As Joshua Epstein notes, the rescarcher has two
options when confronted with missing data.?
First, one can stop. throw in the towel, and regress to bean counting. Or, one can pro-
cced like a rational animal: by fighting off the conditioned response that perfect measure-
ments are necessary to make a reasoned judgment on bounds: by drawing the most intel-
ligent inferences one can from the data that are available! and by varving one's
assumptions so that the consequences of irreducible uncertainty may be gauged.
These principles were, of necessity, applied liberally in the rescarch at hand.
After initial data collection and review, missing data dominated some variable columns and aflected
all. Across the spectrum of variables and cases, missing data represented over 20% of the observations,

with higher concentrations in certain key variables and sets of cascs. Some of the vanables for which

e L L n T NN,

3 There is a horizontal dimension to this dilemma as well. _Have the values for unique but related varn-
able for the same system been measured under the same circumstances?

4 Epstein, Measuring Military Power, pp.145-146.
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more than 50% of the data were missing were dropped in the belief that their explanatory power was neg-
ligible or was captured just as well or better by other variables (e.g., combat range, stall speed). lHowever,
there were no suitable sustitutes for the explanatory power represented by others such as specific excess
power, instantaneous rate of turn, and combat radii. From a case perspective, data were most often
missing for Soviet and some European produced aircraft, a variety of target acquisition systems, and
countries with Soviet dominated inventories. Whether missing data represented a major portion of the
observations on a variable or were limited to just a few, the task was the same - to fill in the blanks

through “intelligent inference’.

4.2.2.2 Analogous Comparison

The inferential process moved through three phases in ascending order of complexity and descending
order of certitude. First, cases with missing data were reviewed to suggest analogous cases for which data
on a given variable mught be available. This procedure was particularly fruitful in filling in gaps in obser-
vations on individual models of a ‘family” of aircraft. For instance, if the service ceiling for the MiG-23B
were cited in an authoritative source, but none were listed for the MIG-23E, the value for the MiG-23B
was assumed to apply to both models. In a slightly broader extension, a ‘signature’ charactenstic of a
generation of equipment from the same producer was assigned to cases missing that value. [For example,
aircraft fielded by Dassault-Breguet during the 1970's on which Combat ‘G’ Limit data were available all
showed the same value (7.33). That value was extended to aircraft from the same producer on which

definitive information was not availablc:.5

4.2.2.3 Regression Analysis.

The relatively innocuous analogical process was successful in reducing the body of missing data consider-
ably, but some troublesome although scattered gaps in key variable observations remained, notably those
pertaining to combat radii and maximum speeds. A statistical inferential tool, regression analysis, was
employed to fill these gaps, with the results modified by expert judgment. Pearson correlation coeflicients
were inspected to identify varniables pairs which displayed strong statistical affinity. Those pairs which did
not also intersect functionally (statistical artifacts) were discarded. The remainder were plotted to deter-
mine the statistical significance of their relationship and to ascertain if the relationship were distorted by
extreme values (outliers). In the penultimate step, the variable pairs were subjected to regression analysis

to define the predictive potential of one to the value of the other and to derive suitable prediction equa-

There is always a danger of overlooking a differentiating factor, however. [F-15A B’s had a ‘G [imit
of 7.33, but sensor changes in the C, D model permitted an increase in the placard limit to 9.0.

Some tests were also conducted using two, three, and tour predictor vanables in multiple regression
equations. This technique s arguably more powertul than the vanable pair approach and bears turther
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results were compared to those cases with known values on the dependent variable to judge the equation’s
efficacy.

To illustrate the process, the value for sub-sonic area intercept was missing for 21 fighters. One pos-
sible variable from which the unknowns could be predicted was ground attack radius. In those cases in
which values for both variables were known, they showed a positive correlation (r) of 0.88037 and an R?
of 0.77505, suggesting good explanatory potential. A scattergram reinforced the picture of a strong posi-
tive correlation not unduly influenced by extreme or outlying cases and indicated the variables would dis-
play a siginifcant positive relationship in all but one of 10,000 cases (F=.0000). A regression problem
with air intercept radius as the criterion (dependent) variable and ground attack radius as the predictor

(independent) variable was formulated. The results are depicted in Table 4.1

Table 4.1: Predicting Air Intercept Radius
Ground Attack Radius as a Predictor

Multiple R . 88037 F. =75.80131
R Square .77505 Signif F = .0000
Adjusted R Square . 76483
Standard Error 54.67714

Variables in the Equation
Variable B SE B BETA T SIG T
round Atk Rad . 78994 .09073 . 88037 8.706 0000
Constant) 232.49856 39.61341 5.869 0000

A solution for the unknown value can be derived by substituting the known value and data from the

regression equation into the equation for a straight line: a=by + k, where (in this case):

a = Air intercept radius

b = Slope of the regression line

y = Value for ground attack radius

k = Value of the constant (intercept point)

The result of the computation is a predicted value for air intercept radius which, on the average, should
fall within plus or minus 55NM (the standard error) of the actual value. When the equation was applied

to all cases, and predicted compared to known values, predicted and actual values correlated closely in the

middle of the data set, with crror as little two nautical miles. Ilowever, the obscrved error increased

exploration.
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in excess of 120NM off. The average error was 16%, and the direction of error was almost equally dis-
tributed between high (52%) and low (48%) predictions. In light of these observations, the predicted
values for the 21 unobserved cases were scrutinized individually and modified or estimated by another
method if distortion were suspected. This cautionary note notwithstanding, the regression technique,
when tempered with expert judgment, proved a most productive and reliable tool for filling data gaps. In
all, over 30 reeression equations were developed and employed, closing all but the most persistent voids in

the data sets.

4.2.2.4 Estimative Analysis.

Analogy and regression work well as gap fillers when values are missing for a limited number of cases and
are not disproportionately concentrated on a particular variable or class of cases. Unfortunately, data on
several weapons performance variables, two employment related variables, and one class of inventory
variable were almost universally unavailable through open data sources. Careful estimation of values
appeared to be the only practicable solution. Estimation in this context does not suggest an arbitrary
assignment of values simply to provide grist for subsequent evaluations. To the contrary, care was taken
to involve ouside experts and other researchers’ techniques in bringing the values as close into line with
assumed reality as possible. By definition, the estimation process incorporates a margin of error. Its
methods are not rigorously scientific, nor are its results exact. The fact that the element of uncertainty
may be transmuted into substantive results does not invalidate the overall assessment technique. In fact,
the ultimate combat potential computations are designed in such a manner as to permit the painless
replacement of estimated data with actual (or better estimated) values if and when they become available.
Those variables or classes of cases for which the bulk of the values were estimated are clearly identificd in

the following section along with notes on the estimative techniques employed.

4.2.2.5 Expert Review.

In the final analysis, there is no substitute for informed judgment. So, the final data bases were submitted
for review to two senior fighter pilots (airframes, configuration, air-to-air missiles, and guns), an experi-
enced weapons system operator (target acquisition systems), and a regional intelligence officer (invento-

ries). While their reviews were necessarily cursory, they did identify a number of values which they knew

to be in error or suspected to be out of tolerances. Additionally, all variables were analyzed using univar-
1ate statistical techniques to flag values which appeared out of character for the data set. Suspect values 1
were double checked and replaced if warranted. ‘This process brought the data bases to the level of com-

pleteness required by an investigation of this type while also purging them of random and systematic
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4.3 Sources and Methods

4.3.1 General Comments.

The data collection process is, regretably, not nearly as cleanly systematic as the resulting weli ordered
data bases might suggest, nor are the results necessarily definitive. It is incumbent on the researcher to
make the collection process as transparent as practicable so that the user can arrive at his or her own
conclusions concerning the information’s validity. With this precept in mind, the following paragraphs
highlight the primary sources used in compiling the research data bases, identify equations used to calcu-
late derivative values, and provide explanatory notes on the techniques used to estimate values for vari-
ables which were largely unobserved. Compiling values for many of the variables was relatively forthright
and non-controversial, and the associated explanations self-evident to the vast majonty of readers. These
will not be addressed individually. Nor will each case in which analogous examples or regression pre-
dictions were employed to fill discrete data gaps be discussed. Rather, attention will be focused on those
variables and classes of cases considered noteworthy or potentially contentious.

The following subsections are ordered in consonance with the variable grouping scheme outlined in
Chapter 3. Primary data sources and mitigating factors are discussed in a lead-in paragraph, followed by
specific comments on the derivation of values for those variables which might provoke some question.
The full data sets are reproduced in Appendices B through D. All were compiled using SPSSX coding
conventions, so some of the descriptive information is relatively cryptic. Full variable names, measure-

ment units, and value descriptions are provided in the formal file description documents in Appendix A.
4.3.2 Airframe Performance Data.

4.3.2.1 Sources

Airframe performance data were culled from numerous publications. Various editions of June's A4/ The
World's Aircraft constituted the primary source, closely followed by Gunston and Spick’s Wodern .tir
Combat. Other specialized publications such as Cordesman’s Jordanian Arms and the Mideast Military
Balance and The Gulf and the Search for Strategic Stability, and the Department of Defense’s Soviet Mil-
itary Power were also invaluable. A number of periodicals proved fertile sources, particularly on later
model systems. The most prominent of these werc Aviation Week and Space Technology, [ntcravia,
Armed Forces Journal International, and Air Force Magazine. Last but not least, some mformation was
obtained directly from American, British, and French aircraft producers’ literature and informally from

numerous of the author’s acquaintances who had direct experience with particular systems.
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4.3.2.2 Comments

The general principles which were applied in sorting through the data and selecting specific values for
entry into the data base were described previously. Some explanatory information on vaniables of interest
is provided below. The acronautical formulae cited were lifted from one of three documents: the U.S. Air
Force Fighter Weapons School Instructional Text, Basic Aerodynamics; Gunston and Spick’s Modern Air
Combat; and Legrow’s Measuring Military Capabilities for Military and Political Analysis.

Aircraft Designator. Because of coding protocols, aircraft names had to be condensed in most
instances. The aircraft name is followed by the variant designator. In those instances in which an aircraft
has undergone major modification for a particular recipient, an additional letter has been attached to the
variant code corresponding to the first letter in the name of the operating nation (e.g., MIRIIILE] for the
Israeli modified Mirage I1IE). For Soviet aircraft, the name corresponds to the Soviet designator (e.g.,
MiG-23). The variant designator is derived from the NATO classification (c.g., B) which is more com-
monly recognizable than the multi-letter Soviet model designators.

Wing Span and Wing Surface Area. Values were for the most part taken directly from source docu-
ments. In the casc of variable geometry wing fighters, the values were selected which reflected most likely
wing sweep during combat employment.

Wing Aspect Ratio. This measurement was recalculated for each aircraft from data entries for wing
span and surface arca using the formula: AR = bz/S, where,

AR = Wing Aspect Ratio
b
S

Wing Span
Wing Surface Area.

Combat Weight. Values for all aircraft were recalculated to reflect a likely combai weight. The
computation added half the internal fuel weight and the weight of a normal combat weapons load to the
aircraft’s empty weight. All multi-role fighter weights were computed in the air-to-air role. Weapons
weight for air-to-air and multi-role atrcraft was derived directly from the weight of the cir-to-air mssiles
wdentified in the aircraft configuration file. Weapons weight for all air-to-ground fighters was calculated at
half of maximum ordnance load and that of bombers at full ordnance load. This technique was used
because most fighters will rarely fly with a full complement of air-to-ground ordnance, particularly when
range is a compelling consideration, as it would be in most Middle Lastern scenarios.

Combat Wing Loading. Values were computed from file data using the formula: WL = W S |
where:

WIL. = Combat Wing loading
W = Combat Gross Weight
S = Wing Surface Arca.
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Fuel Fraction. The weight of internal fuel as a percentage of the clean (without weapons) take-off
weight of an aircraft.

Thrust-to-Weight Ratio. The ratio of installed (with afterbumer at sea level) thrust to combat gross
weight.

Specific Energy at Altitude and at Sea Level. Depicts total aircraft energy (kinetic plus potential)

under specified conditions of flight according to the formula: Es = h + VZ/Zg, where:

E, = Specific energy under the given condition
h = Altitude (service ceiling or sea level)
V = Maximum Airspeed at altitude or sea level

g = Force of gravity.

Specific Excess Power. Authoritative values for specific excess power were available in open sources
for less than 20% of the aircraft in the data set. The small number offered scant promise for application
of the analogical or regression techniques. A less rigorous and less reliable estimative approach was called
for. Specific excess power measures an aircraft’s relative ability to change its energy state. Thus, it must
be measured from a common energy state described in reference to altitude, velocity, and attitude. In
deference to available data, these were stipulated as 10,000ft, .9Mach, and 1G respectively. Specific excess
power can be calculated by the following equation: P, = V(T-D)/W, where:

P = Specific excess power

V = Velocity (.9 Mach)

T = Maximum thrust available
D = Drag

W = Combat gross weight.

Thrust and weight data were readily available, but information on drag is rarely published in unclas-
sified sources. With expert assistance,7 drag was ‘back-calculated’ for those aircraft for which PS was
known and was compared to variables obscrved for all aircraft. Wing surface areca and combat weight
appeared to oifer the most explanatory promise. With too few observations to conduct a proper regres-
sion analysis, several calculations were tested until the equations which most accurately predicted to the
known values were isolated. These equations were applicd to establish values for drag. P s was then cal-
culated for all cases. The results were largely satisfactory, although not precise, with one exception. Val-
ues for Soviet and earlier generation aircraft were larger than deemed reasonable. This overestimation is
believed to result from the fact that the estimates were primanly derived from observations on late-model

U'.S. aircraft which are gcncrally aerodynamically cleaner than their Soviet counterparts and carlicr genera-

e e

7 Colonel Michael Nelson was invaluable in untangling the technical web associated with this and other
acronautical guestions and in suggesting alternative” approaches to estimative hurdles.  Without his
help, 1t 1s unlikely they would have been cleared.
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tion aircraft. That quality was not captured in the estimate. To compensate, estimated P values for
Soviet aircraft and early generation U.S. and European aircraft were adjusted downward on a case-by-case
basis, with a maximum adjustment of 10 percent.

Maximum [nstantaneous Rate of Turn. Data were available on only a handful of cases through
unclassified sources, and the conditions under which they had been observed were infrequently cited.
Given these tenuous circumstances, it was obvious that instantaneous rate of turn would have to be cal-
culated independently not only to fill in the blanks but also to create a common plane of comparison. An

aircraft’s best instantaneous turn rate is calculated through the equation: @ = K (Gr/vx)' where:

W
K
value of gravity

Gr = Maximum radial G

V. = Cormer Velocity.

Two terms need further explanation. Radial G is the vector which defines the plane of a turn and is

Instantaneous turn rate

A constant which converts radians per second to degrees per second and accounts for the

equal to the square root of cockpit G (G,) minus one. Since the goal is to calculate the aircraft’s best
tuming performance, Gc was set at the aircraft’s combat G limit (placard limit) which represents the
maximum gravitational force the aircraft’s structure is built to withstand. Corner velocity (Vx) is the
speed at which an aircraft can turn most efficiently, the velocity at which available G, is exhausted.
Available G, increases as the square of velocity up to the structural G limit of the aircraft (Gc) Once that
limit is reached, available G is constant, and increasing velocity results in a decreasing rate of turn. To
grasp an aircraft’s best turning performance, it is first necessary to determine its corner velocity.

The immediate problem was that data on V, is rarely published. Consequently, the author had to
rely on an expert-assisted estimative procedure. Two known variables, wing loading and thrust-to-weight
ratio, were identified which generally correlated to the Vx values derived by decomposing published rte of
turn data according to the above equation. An admittedly unscientific procedure was evolved which pre-
dicted to known values fairly accurately. This method was used to predict Ve values for all aircraft.
These, in turn, were inserted into the rate of turn equation, and estimnated instantancous turn rates gener-
ated for all cases. While this technique was the best which could be improvised, the resulting estimates
range to the high side. However, the bias appears consistent, so the results should not distort further

applications unduly.
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4.3.3 Target Acquisition Systems.

4.3.3.1 Sources

Data for this set was considerably less profuse than was available for airframes. In addition to the A/ the

-
o

~E

World's Aircraft, two other volumes from the Jane’s series provided invaluable data: Avionics and Weap-

Ly
”

,h":: ons Systems. Information was also gleaned from many of the periodicals cited above and from a few

W

O roducers. Finally, The Analytic Sciences Corporation’s excellent study, The TASCFORM ™ Method-
P 3%

ology: A Technique for Assessing Comparative Force Modernization served as the template for assigning

s

nominal values to those variables for which interval measures were not appropriate. Many of the values
were subsequently altered to accommodate a different computational methodology, but the initial contri-

bution was vital.

]
.
.
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4.3.3.2 Comments

Several general notes concern the cases themselves. The aircrew has an inherent target acquisition
capability irrespective of the systems installed. This was accounted for by creating a case called "Visual’,
the values for which reflect an aircrew’s unassisted ability to detect a target. Values on this case were
developed through aircrew interviews and should be viewed as representative rather than absolute. Sec-
ond, sufficient data were not available to differentiate among various laser ranging and target designation
systems comfortably. Consequently, they were treated as generic cases, with values drawn from the limit-
ed data currently available. Third, authoritative data werc not found on the radars installed on the latest
Soviet fighters (Flanker, Fulcrum, Foxhound) or on the infrared search track systems on two Flogger
variants. However, several articles speculate that their performance characteristics are essentially similar to
those of some Western systems. The radars are identified in terms of the aircraft (c.g., 'FLANRAD),
with the performance data adapted from the putatively analogous Western system. The infrared scarch
track systems are differentiated by the letter of the [FFlogger model in which they are installed (c.g.,
IRSTSB). Finally, in a few instances, the measurement variable is not entirely germane to a particular
system (e.g., output power for visual acquisition or infrared systems). In these, a dummy valuc was
derived from a regression equation which calculated the relationship between range and output power for
the radar systems. These cautionary comments aside, the target acquisition system data base captures the
bulk of the key attributes relevant to air combat.

Range-1ligh Target and Range-Low Tuarget. Data were collected which to the greatest extent possible
reflected the system’s capability to detect a fighter-sized target (5m2) while in the scarch mode.  Adjust-
ments were made to the data when measurement under conditions other than these was indicated. The

two measurements were included to account for superior target detection potential accruing to a system
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which can distinguish a target while ‘looking down’ into ground clutter. Systems having this capability
8

had data entered for both variables.” Air intercept radars capable only of acquiring targets at the same or
higher altitudes were measured only on the "High Target’ variable, while air-to-ground radars had data
entered solely on the "Low Target’ variable.

Data Points. The categories of significant data which the acquisition system could relate to the air-
crew or weapons computer relative to the target were enumerated for each case. These include range,
bearing, altitude, and airspeed. Data were entered as available from system description and imputed from
other system characteristics when not.

ECCM Capability. The scoring scheme was adapted from the one developed by The Analytic Sci-

ences Corporation. Values ranged from 0.7 for a system with a high susceptibility to electronic counter-

measures to 1.1 for a system with very low susceptibility.
4.3.4  Air-to-Air Missiles.

4.3.4.1 Sources

Performance data on air-to-air missiles was drawn largely from Jane’s Weapons Systems along with many
of the aforementioned periodicals. Additionally, Gunston’s Modern Airborne Missiles proved a most
valuable source document. As was the case with target acquisition systems, The Analytic Sciences Cor-
poration study provided a thoughtful matrix for extracting differentiating values for classes of nominally

described variables.

4.3.4.2 Comments

Terminal Guidance Mode. Descriptive values (e.g., ‘SARH’ for semi-active radar homing) were
entered in the data base. Associated values were assigned to a separate variable, guidance score. These
values range from 0.7 for a command guided missile to 1.2 for one with active radar homing. They are
further differentiated to reflect relative accuracy within class. For instance, an older infrared guided system
1s scored as a 0.9, while a more modern version is rated at 1.0.

Maximum Range-Head On and Maximum Range-Tail. Two maximum range values were entered 10
differentiate those missiles with all aspect capability from those which can only be launched from the rear
hemisphere (primarily infrared guided systems). A missile with an all aspect capability is measurcd on
both vanables; onec with a single aspect capabiiity on only one.

Minimum Range-Head On and Minimum Range-Tail. This variable captures the distance required by
the system to actuate its guidance system after separation from the launch platform. Criteria for entering

values 1s as with the previously discussed varnable pair.

S S X R

Radars possessing a ‘depressed angle’ rather than pure ‘look-down’ capability were treated as having a
capability against lower altitude targets, but at attenuated ranges.
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Effective Range-tHead On and Effective Range-Tail. Adjusts the maximum range of the mussile to

account for the minimum range which must be covered before it is effective. It is computed with a for-

mula borrowed from the TASC study: R, = R /R

e max (1- Rmax ), where:

min

R, = ECffective range

Rmax = Maximum range

Riin = Minimum Range.

ECM Susceptibility. Assignment of values for this variable adheres to the same concepts described
above, but with the spectrum reversed. In this instance, a value of 0.7 reflects the system with the lowest
susceptibility, while one of 1.1 marks a system which 1s highly susceptible to countermeasures such as
flares, chaff, or electronic jamming.

Acquisition Mode. Two descriptive values are entered in the data base to indicate if a missile is
capable of engaging targets at beyond visual range (BVR) or is limited to visual range engagements (VR).
The descriptions are not associated with a numeric value, but arc used to differentiate employment condi-

tions under the scoring logic which modifies the guidance score according to its pertinence to a particular

mission type.

4.3.5 Aerial Guns

Data for this category were extracted almost exclusively from sane’s Weapons Systems. Some additional
data were also taken from brochures distnbuted by producers. A few cxternally mounted guns were
included in this data set which is primarily concerned with internal weapons. Pod mounted guns were
entered to permit their evaluation as a configuration option during weapon system score compilation if

desired.
4.3.6 Relational Variables.

4.3.6.1 Aircraft Configuration Data.

The sources for the configuration data sct were generally the same as cited above, with some notable
additions. The International Institute for Strategic Studies’ The Military Balance was uscd to identify the
spectfic weapons available to a country for installation on its aircraft in a given ycar. Joshua Lpstein's
book Measuring Military Power was irreplaceable as a source of data on aircraft man maintenance hours
per {lving hour and, more importantly, as a guide on how to go about estimating values for systems on
which data were not pu lished. In the latter regard, operations analysts at Northrop Corporation s Air-
craft Division provided insights into framing the estimation problem and practical documentation of esti-

mation techniques.




For the most part, the entries in this data sct are sclf-explanatory, indicating the presence or absence
of a class of capability or the installation of a particular target acquisition system, air-to-air missile, or gun.
Weapons system description documents such as Modern Air Combat catalogued possible or likely config-
urations. The Military Balance and various articles in periodicals and newspapers offered more definitive
information on subsystems available to a given country. Finally, some subsystems were deleted from ver-
sions of an aircraft in deference to political considerations associated with its transfer. For instance, two
versions of the Tigershark were configured, one with full up systems to included a radar missile and
sophisticated ordnance release point computer capability (IF-20A) and one without (F-20). The latter
version is figured to be the one most likely to be approved for transfer to a Middle Eastern country like
Jordan, owing to political sensitivities. A version of the F-16C (I'-16CSC) was similarly configured for
the same reasons.

The system configurations in this file represent a best estimate which i1s by no means definitive. The
values of all of the variables in this file are changeable during the combat potential scoring process. Thus
feature permits the user not only to correct entries that might be in error but also to switch subsystems
and weapons to determine their impact on resultant combat potential.

Country of Production. In most cases, the entry on this vanable reflects the original country of pro-

duction. No attempt has been made to identify aircraft for which the recipient country might have some

B A

co-production responsibilities. Similarly, sources of secondary transfers are not singled out. There arc a

"o
, N

handful of exceptions, mostly pertaining to aircraft in the Israeli inventory. When an aircraft has been
drastically modified by the recipient, the country of production annotation has been revised to reflect its
largely indigenous nature.

Navigation Category. The descriptive values cntered for this varable categorize the most sophisticat-
ed navigation system installed on the aircraft. They range from dead reckoning to a global positioning

system. Not shown in this file are the differentiating values associated with these categornies, which come

into play in the combat potential scoring process. These values are scaled from 0.6 to 1.4 retlecting the
navigation system'’s contribution to overall weapons system effectiveness.”

Man Maintenance flours per Flying [Hour (MMI{/FI{). Collecting sufficient data on this variable
was an elusive task. While it suits the purposes of this study perfectly and 1s desenbed by Fpstein as ‘the
! standard index of aircraft maintainability in peacetime,” little data is published on it. In fact, authoritative

& data could be obtained on only 21 aircraft, all but two of U.S. manufacture. The problem is compounded

by the fact that the maintenance hours required vary from vear to vear, presenting a moving target.
Because of these factors, it was necessary to adopt an estimative approach to fixing values for this var-

9 The categories and associated values were primarntly developed by Major William R, O Brien, an F-111
Weapon Systems Operator with 15 years experience with areraft navigation systems.

-6y -

T . Tt T T e e . - - n . PR . N
. . . . S, e P PAUE
- - e

. . - . - - T e ERE 'q..-‘." - ‘L . -" -.< -" ~ .
L e L A A A2 A A e A e

R N L. T o .
= - = Y. . ‘e e e . 'p “ “e : T T . ot . . . e . -
PP e, O PRI, U D8 N .20 0 e B UL T G S W o g




e e AR e - e A S Bee St S A A e o2 0 n oo e g e o gon do i s b Cne Bon At S o e 2 B o A M a0

able. Epstein makes a solid case for taking this tack, noting that, while the estimated figure might not be
entirely accurate, it is a viable delimiter of mission generation. 10

The MM FH value associated with an aircraft is largely a product of two factors: the frequency
with which maintenace is required and the difficultly of cffecting the maintenance. These are most fre-
quently measured as Mean Time Between Failure (MTBF) and Mean Time to Repair (MTTR) respec-
tively. There are other intervening variables which some into play, such as organizaticnal maintenance
concepts, but these will be set aside here. An aircraft’s MTBF is dictated in part by the number and reli-
ability of its subsystems, while MTTR is a product of their number, complexity, and the maintenance
procedure involved. Deficiencies in any of these areas can be offset by cfficicncies in another. lor
instance, newer fighters like the F-20A and the F-16C have multiple subsystems, but the maintenance
load 1s ameliorated through the reliability of advanced microelectronics and the pull-out, plug-in concept
of pnmary maintenance associated with them. It stands to reason that if MTBF and MTTR were known
for an aircraft, predicting to MM/ TI'H would be a fairly accurate process.

Unfortunately, those data are only marginally more available; so the estimation process has to fall
back one level and focus on analogous rcasoning at the subcomponent level. A 1980 article presented a
body of data taken from Department of Defense reports which categorized 12 fighter aircraft according to
their complexity and indicated their respective failure rates, associated workload, and man maintenance
hours per sortie.!! Various articles since then provided similar data on nine additional fighters. Using
this data as a baseline, the configuration data base and aircraft descriptions were studied to identify those
arrcraft which were similarly appointed and were fitted with subsystems of the same vintage. Aircraft were
subjectively grouped, and analogous MMI;FH values assigned to those aircraft for which the variable
was undocumented. Multiple variants of a basic airframe were assigned the same value, unless their sub-
systems were substantially different. Some allowances were made for discrete reports concerning the reli-
ability of individual systems. For instance, Jordan and Iraq are reportedly displeased with the maintain-
ability and supportability of the Mirage F1, causing values for that aircraft to be clevated slightly. L2 e
process worked satisfactorily for the majonty of the aircraft in the file to generate data which portraved at

least some measure of the relative differentiation among the systems.

No doubt, the resulting values contain many inaccuracies, perhaps some senous. However, these
need not be debilitating within the context and objectives of the study. The goal is to assess relative

combat potential

10 Gee Epstein, MWeasuring Militury Power, pp. 153-165 for the estimative technique which he employed

in his study and its justification.

1 See Benjamin Schemmer, ‘Pentagon, White Touse, and Congress Concerned over Tactical Aircraft
Complexaty and Readiness”.
" i ~ .
12 Qee Cordesman, Jordanian Arms, p.87
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presumed at least that the errors will be no greater than those which might have resulted from picking

‘authonitative’ data from a single year.13 The figures can be challenged individually, but as a whole they

Pl R

. suit the purposes of this effort.

4.3.6.2 Relative Utilities
. As noted in the previous chapter, a family of data had to be collected to glue weapon system attributes
together at their joints. The data had to reflect the relative contributions of these attributes to delinable
) mission outputs. The Analytic Sciences Corporation embodied this concept in its computational matri-
ces. But the specific values {termed "Weighting Factors’) were not suitable for direct adaptation for three
- reasons. First, the TASC computational process differed from the one under consideration for this study
: in several important arcas. Attempts to decompose or rearrange TASC’s values to suit this study’s
scheme proved unfruitful. Second, the specific sources of the values and the considerations which went
into them were opaque. Third, the values were predicated on a Central European operating environment.
Since depicting the influence of the Middle Eastern operational environment on relative combat potential
N is a study goal, greater control over the factors considered in formulating the values for the relational van-
' ables i1s imperative.

Expert Survey Concept. The concept underlying the survey procedures employed by LeGrow and
Jacoby in their explorations of Multi Attribute Utility Techaique (MAUT) offered an attractive solution.
The collective judgment of experts with first-hand knowledge of the phenomena being investigated is a

valid measure of relative merit, subsuming the myriad of micro-considerations which defy individual

g quantification in an aggregated model. Despite the flaws in tue previous applications of MAUT to mili-
tary analysis outlined in Chapter 2, the survey technique on which it was predicated holds promise if
questions are focused on a reduced basket of relationships with which the respondants are all intunately
familiar and which could be considered at an intellectually more malleable level of abstraction.

Survey Formulation. Having been identified previously (Chapter 3), the junctures on which relative
utility values were needed were organized into a tabular structure which graphically outlined the retation-
ships to be evaluated. The basic questionnaire is included in Appendix C. A chart was prepared for cach
air weapons system component which arrayed the component’s key attributes against the four combat
mussions being evaluated without reference to a particular system. The respondant was asked to muke
zero-sum determinations on the relative contribution of each attribute to combat success in cach category

of mission. The subcomponents having been scored, the respondant was asked i another chart to relate

13 Between the beginning of 1976 and the end of 1977, the mean time between failure rate for the - 15
increased from 0.76 to 1,30, qufzmg its MM P value down to 410 Just two years later that value
had dmpﬁ\cd further to 33.6. The ¢rror resulting from taking a “snap-shot’” of the data could prove

just as tallacious as employing the estimative technique described here.
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ator proficiency, and command, coatrol, communications and intelligence support (C3I) contributions to 4
.\ success in each mission category. Finally, five questions were included to establish the respondant’s sys-

tem familiarity and fighter and combat experience. These data were used in discriminating among

g

o) responses if substantial disagreement on individual values cropped up. An accompanying letter defined A

the Middle East the the employment region and gave a thumbnail description of a moderate intensity

Chic

(compared to Central Europe) air operating environment.

i)

f
[* e
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Survey Administration. Experienced fighter pilots familiar with flying conditions and combat scenar-

ios in the Middle East represented the best source of well informed survey judgments. Within the U.S Air c
Force at least, these are concentrated in Tactical Air Command’s 9th Air Force, which serves as the air
component of the United States Central Command (USCENTCOM). Weapons and tactics officers from
the 11Q 9th Air Force Directorate of Operations, whose primary job is developing combat plans and tac-
tics for the Middle East/Southwest Asia contingency operations, were requested to participate in the sur-
vey, along with weapons and tactics officers from two fighter wings with USCENTCOM contingency
5 commitments. Officers currently flying six different types of aircraft (A-7, A-10, -4, F-15, I'-16. and
F-111) were included in the survey. Twenty-four are pilots, with one an F-111 weapons system operator.
N They reported an average of almost 2000 hours total fighter time (high:4600, low:325). Thirteen had
accumulated an average of just over 500 combat hours, and cleven had some flying experience in the

Middle East. All bad flown in exercises which simulated a Southwest Asia combat environment. So that

scenarios and objectives would be well understood, points of contact in cach organization surveyed were

D TR

A briefed and asked to select those officers who would generate the most thoughtful responses. B
. Survey Results. Dala entered into the questionnaire tables were reformatted into an automated file as
values for the previously describud relative utility variables. They were processed to determine the distri-
bution of datz {or each variable and to extract relevant statistical information such as their mean. maxi-
mum, minimum, and median values and to establish a range of responses. Responses for 57 of 76 vari- .
ables showed strong central tendencies, with median and mean values within 10 percent and with response
. ranges of 40 points or less. Responses for only 10 variables showed a deviation of more than % percent
between the median and mean values. Of the 19 vanables which displayed a range of valuzs in excess of
40), the range for 15 could be reduced to 30 points by the removal of 3 or fewer of the extreme responses.
The categories of vanables which showed the most pronounced divergencies of opinion were those related B
to relative utility of radar guided air-to-air missiles, to that of precision guided air-to-ground munitions,

and to that of target acquistion modes. Additionally, a lesser breadth of opinion was rezistered concerning

the relative utilities of target acquisition  systems and weapons pavioads in the air defense and atr superni-

ority roles. While these divergencies tarnish the aura of the “collective wisdom” imputed to the mean or
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median values somewhat, they realistically mirror alternative positions often taken in arguments concern-

St L AR

ing weapon system development, employment, and outfitting priorities in the tactical community. These

yor ey Y v

incidental disagreements aside, the survey results are sufficiently cohesive to produce relative utility values .
which might not hit the mark but which will be very close to it.

One of two values (mean or median) can be selected as a measure of central tendency to extract a :.‘:
typical score from data sets such as these. The mean is generally regarded as the best descriptor and is S
preferrable to the median if the data set is not highly skewed. ! Only 19 of the 76 variables in this data Dy
set had skewness values of 0.5 or greater, and all of those were reduced to less than 0.5 through the
removal of 4 or fewer outlying cases. This procedure was implemented. The resulting relative utility val-
ues are displayed in decimal form in the tables in Appendix C. While these values will be used for the
remainder of this study, the scoring procedure is designed so that they can be easily altered by another

user to reflect a different viewpoint or the different demands of another employment environment.
4.3.7  Air Inventories.

4.3.7.1 Sources

The combat aircraft inventories of the 22 nation study set were compiled from published air orders of
battle (AOB’s) for 1984 and 1985 and supplemented with annual projections through 1990). Primary
source documents for the established inventories were the International Institute for Strategic Studies” The
Military Balance , Interavia's Air Forces of the World, and the Jaffce Center for Stratcgic Studies” The -
Middle East Military Balance. Fragmentary data provided in these publications were also used in devel- 2
oping force projections through 1990. Several periodicals were essential in the latter effort. These includ- )
ed Aviation Week and Space Technology, Jane's Aerospace Weekly, and The Air Force Times. Addition-

ally, projected acqusition information was extracted from two automated files, the Arms Transfer Ivent

Data Base produced by Third Point Systems Corporation and the AerospacejDefense Markets and Tech- :
nology data base compiled by Predicasts Terminal Systems. Information on variables concerned with the
quality of the maintenance forces was drawn from an automated version of the World Military Expendi-
tures and Arms Transfer Data Base provided by the Arms Control and Disarmament Agency and from
the World Bank’s World Development Report 1985, the Central Intelligence Agencey's The World Fact-
book, and JCSS's The Middle East Military Balance. Complete air order of battle (inventory) listings are
included in Appendix D. All inventones reflect the end-of-year totals for the respective calendar yvear.
Thus, the 1987 inventory figures represent estimates of the aireraft which would be possessed in Decemns

ber, 1987,

2

1
i

+

+

+

+

+

+

+

4
t

i

i

+

t

+
+
+
4
4
-+

.
»

(]

4 Gee Blaloc'., Social Statistics, pp.69-70.
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4.3.7.2 Comments N

Data ‘Smoothing’. Looking to future acquisitions, data were ‘smoothed’ to reflect logical entry into a
country’s inventory when no specific delivery schedule had been reported. The procedure broke blocks of :
ordered aircraft down into unit sized increments and spread these over the delivery period. Aircraft were
treated as operational when sufficient numbers to constitute a unit were on hand.!®> To preclude the

erroneous impression of ever-expanding inventories, aircraft which would be made obsolete by newer

e

acquisitions were decrcmented as functional replacements became operational. This technique might

"

provoke controversy, but it is logical in light of the limited absorptive and support capabilities of the
nations in the set. Decrements were not enumerated on a strict one-for-one basis, but were forecast as
functional conversions at the unit level. '
Acquisition Estimates. Estimative techniques were also employed to project possible acquisitions for
those countries on which scant planning data were available in open sources, particularly for thosc coun-
tries which are Soviet clients. Though virtually no information was available concerning their longer -
range air modernization plans, it is highly unlikely that some modernization will not occur, particularly in
light of the recent introduction into Soviet forces of four new fighters. Here the procedure was to review a
country’s acquisition track-record, identify the relative spacing between new equipment acquisitions, and
forecast the receipt of later model Soviet equipment. Without access to classified intelligence sources, the
resultant inventories in the post-1986 period cannot be viewed as definitive, but they certainly represent
one potential course of force evolution for countries like Syria, Libya, Iraq, and the PDRY'. o

Operationally Available Rate Estimates. Without classified data, it was impossible to determine pre-

cise operationally available rates (OAR) for countries and systems. Even at the force level, data had to be
16

. oo
P SRR
PR .

N N )

estimated based on an extrapolation from historical anecdotes. Historical data were evaluated in the

. context of a nation’s military investments and assumed logistical capabilities to develop estimates of force

level operational availability. The values ranged from 0.9 for [srael to a low of 0.3 for Libya. ~

Maintenance Personnel Estimates. No authoritative data were documented to establish the actual

number of personnel available to perform primary maintenance on aircraft possessed by the nations under

QT
PN

study. Since valucs for this variable are integral to the formulation of sortie generation boundanes, an
estimative approach was dictated. Reviewing data on United States” and Soviet forces in Lurope, Ipstein

calculated that approximately ten percent of total assigned air force strength accomplished the direct air-

17 This ratio might not be religiously applied n the Middle East, but it 1s

This treatment is optimistic, since the actual assimilation period would probably streteh over a year S
or more once the aircraft were in place. However, it is consistent with the concept of portraying an .
outside limit to combat potential.

Sources included Ipstein, op.cit.; Cordesman, Jordunian Arms, The Gudf and the Search for Strategic
Stability, and “Lessons of the Iran-lraq War'; and Staudenmuer, ‘Iran-Irag (1980 - ) among others
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likely that most of the nations in the region have borrowed similar personnel allocation concepts from
their respective patrons. 18

In lieu of more explicit data, the above mentioned source documents were reviewed to extract infor-
mation on known national air force manning in the base years (1984 and 1985). Ten percent of total

manning was assumed dedicated to direct maintenance. In the case of Israel, mobilized personnel aug-

Py

LA

mented the active contingent. The number of estimated direct maintenance personnel was divided by the
number of operational combat aircraft to identify the maintenance man to combat aircraft ratio which
obtained in the base years. Iran presented a special problem because estimates on air force manpower and
operational aircraft in the base year were admittedly speculative. Consequently, the maintenance man to
combat aircraft ratio observed in 1979 was used, reflecting a more reasonable organizational allocation of
manpower. Data on Lebanon were likewise tenuous, showing an exceptionally high ratio. Since the
Lebanese Air Force is, for all intents and purposes, non-functional, this anomaly is not significant.

Future year projections were made by applying this ratio to forecast inventories. Ratios ranged from
lows of below 1.5 (Libya, South Yemen) to highs in excess of 7 (Israel, Syria, Oman, Sudan, Iran). The
Iranian ratio was atypically high (22) because of the minimal numbers of operational aircraft available.
Since sortie generation calculations are also limited by the numbers of airframes available, this drastic
deviation from the norm would have little actual impact on combat potential estimates.

Quality of the Maintenance Force. Data on the motivational variables identified in Chapter 3 were
readily available. Rather than taking a ‘snapshot” of a base year, data were assembled as a ten year aver-
age, predicated on the belief that motivational attributes and their impacts on personnel attitudes evolve
over time. The technological adaptability variables were drawn from 1982 (percentage of age group in
secondary school) and 1984 (literacy rate), indicating the relative literacy and educational background of "
personnel who would be available for military service in the subscquent study period. It must again be
emphasized that these varables are ‘soft” surrogates for the phenomena being studied and that this data set
was compiled for illustrative purposes only. The force quality modifiers developed from it will be applied

off-line to illustrate their potential impact and should in no way be regarded as definitive.

17
18

For a review of his supporting data, sce Epstein, op.cit., pp.203-207.

This assertion was validated in small part by a conversation with an aircraft maintenance officer from
one Middle Eastern country who stated that personnel to aircraft ratio goals were derived trom the
U.S. model. He also noted that few of the countries with which he was familiar in the region had
attaned them.
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4.4  Protest and Progress.

Those readers reviewing the data bases provided in Appendix B and Appendix C will undoubtedly identify
variable values they believe fallacious. Just as surely, these occassional factual errors will provoke what
Epstein terms the, ‘storm of affronted protest,” which prevails when explicit judgments on numbers are
made. But those judgments had to be made if the analytic process were to progress. The data are essen-
tial, and every care has been taken to ensure their accuracy. The exhaustive data lists are reproduced pre-
cisely so that technical experts can draw informed conclusions as to the relative reliability of the study’s
substantive findings. It is important to note that, while differing individual values might influence the
outcome of specific combat potential computations, their impact will be discrete and predictably marginal

and the methodology undergirding them unaffected. 19
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F'pstein cautions against analytical timidity when forced to employ data_which nught be open to
question: "Nor should anyone be cowed out of analysis by pseudoscientific demands that an inher-
ently illusory certitude be demonstrated.” Lpstein, op.cit., p.146.
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Chapter 5
DATA REDUCTION

5.1 Criteria

Despite the economies applied in the vanable selection and data collection processes, the sheer volume
and differentiation of relevant data exceed manageable proportiocns. The derivation of aggregated values
or scores which efficiently measure each of the critical attributes is pivotal in transitioning from raw data
to a workable force level model. The data reduction process must adhere to many of the same considera-
tions enumerated in the discussion of variable selection criteria in Chapter 3. While parsimony is a prune
concern, it cannot be achieved at the expense of incomplete representation of the combat relevant facets.
Conversely, no one facet should be asymetrically represented, either directly or indirectly. In addition, the
creation of a relational scoring model presupposes a common mathmatical scale on which all variables are
measured. Otherwise, the higher level computations are distorted by the varying native scales.! To com-
plicate the problem further, the level at which the values are measured must be appropnate to their appli-
cation. Composite or index variables identified in the data reduction process must, therefore, have ratio
properties if they are to be subjected to subsequent multiplicative computations.2 Consequently, a credi-
ble data reduction scheme must be judged against four criteria. Is it efficient? Is it comprehensive? Does
it eliminate the distorting effects of disparate measurement scales? Can its products legitimately be entered
into subsequent computations? The following sections will critically review alternative data reduction

procedures, propose a procedure which capitalizes on their stong points, and describe its application to the

data bases at hand.

5.2  Alternative Methods
Basically, the task is to create an indexed value for each relevant attribute which can be measured along a
homogeneous ratio scale. Among the several methods available, three appear to have most currency in

projects of this type, each with its drawbacks. These are discussed below, with an estimate of the degree

to which they meet the above critenia.

b g bbb bbb bbb+

For example, if values for speed (1300kts), rate of turn (19.5 degrees/second). and combat range
(390NM) are simply added, the value for speed accounts for over 75% of the resulting score.

2 See Blalock, Social Statistics, pp,15-22; LeGrow, Measuring Aircraft Capability, pp.10-20; and Rum-
mel, Applied Factor Analysis, pp.222-223 for discussions ot level of measurement concerns.
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5.2.1  Single “Marker’ Variable

One approach is to select a single variable which the researcher believes captures the bulk of the signifi-
cant variation in an attribute. In effect, this tack is an extension to the most basic level of the concept
| emploved in identifying families of vanables described in Chapter 3. As with any summarizing technique,
. the choice a single variable discards a measure of the information which describes the attribute. If the
attnbute s monolithic, the loss is neghgible. With a multi-faceted attribute, it can be injurious. Single
representative vanables are identified in two manners. The researcher can simply assert that the variable
captures the essential quality of the attribute. For instance, a previously discussed study stipulated specific
excess power (P,) as the sole indicator of combat aircraft maneuverability. While P plays a vital role in
defining cnergy maneuverability, it fails to account for the equally important aspect of lateral mancuver-
ability.

A second technique is to use statistical procedures to isolate a variable the values for which vary
*- closely with others linked to the attribute under examination. For instance, the values for maximum

speed at 36,000ft and at sea level in this data set are highly corrclated (r = 0.8278). Similar relationships
. obtain for many variable pairs. Could one variable then be reliably selected to represent the attnibutc
defined by both? From one perspective, the procedure has merit, as long as the functional relationship
between the variables 1s valid and their correlation 1s not simply a statistical artifact. The process becomes
more complicated, however, when more than two variables are associated with an attribute.

In a vanation on the same theme which accommodates several variables, factor analysis can be used
to define groupings of vartables, with the variable having the highest loading selected as representing the
attribute.> For example, Table 5.1 depicts the edited results of factor analysis of 18 of the variables in the
_: airframe data set.

- Since Factor 2 includes all of the maneuverability related variables, rate of turn (TURATE) could be
selected to stand-in for the attribute in subsequent applications. While this technique is more powcrful
- than the ones described previously, it still provides a less than combrchensivc portrayal of an attribute’s
relative value.
- Of course, selection of a single variable does not solve the measurement problem. The most direct
solvtion is to index all observations of the marker variable to a baseline value. In the TASC study, all
values were divided by the corresponding value for the F-4B, producing a homogencously scaled data sct
with ratio propertic:s."1 Variables measured on differing scales could also be converted to standardized

- scores. This method err()vides an excellent mode for data comparison, but standardized values by defini-

i s e Nl e il S

3

Note that this a{)plicatipn of factor analysis differs markedly from the efforts discussed in Chapter 2 in
which all variables loading on a factor were incorporated in’creating an attribute scorc.

One can safely assume ratio properties since all these variables are measured on interval scales with an
umplied although never observed natural zero point. Sce Bldock, op.cit., pp.18-19.
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Table 5.1: Airframe Variables Factor Analysis
FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4
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tion have no natural zero point and, thus, lack the essential ratio property required for multiplicative
manipulation.

To recapitulate, the isolation of a single or marker variable to represent an attribute is theoretically
sound, particularly when solid statistical techniques leavened with expert judgment are employed in the
selection. The technique engenders parsimony and negates redundancy. lowever, the marker’s explana-
tory power varies in inverse proportion to the complexity of the attribute being represented. If complex
attributes suck as manueverability are on the table, a more inclusive technique is called for. The use of an
indexing scheme to reduce disparate values to a common measurement scale has no major drawbacks,

eliminating distorting effects and maintaining ratio properties.

5.2.2 Composite Indices

To overcome the loss of comprehensiveness inherent in the marker variable approach, some rescarchers
‘build” composite variables which compress the multiple aspects of a complex attribute into a single value.
Composites frequently convey meaningful performance related information unobtainable through any
single component measure. Thrust-to-weight ratio, wing loading, and wing aspect ratio arc all widely rec-
ognized as valid (although not sufficient) indicators of energy mancuverability, turning capability, and rcl-

ative lift respectively. However, composites are legitimate only when their components have a functional
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impact on the attribute being represented and their combinational mode reflects an engineering or opera-
tional reality. There is no inherent fallacy in composite variable construction but its application can be
crippled through unrealistic variable combination. Rattinger proposed a multiplicative combination of
speed, payload, and combat radius as a composite measure of aircraft performance. Sherwin and Lau-
rance demonstrated the inadequacies of this procedure, noting the disproportionate impact of minor vari-
ations in variable values and its inability to deal with zero values.’

An operationally more legitimate composite variable, ‘Payload Utility’, was created in the TASC

study multiplying target acquisition values by the weapons’ values.®

This procedurc has considerable
merit, since the two variables have a synergistic relationship. It is debatable, however, if the multiplicative
process is a true representation of it. To borrow an anology from another section of the same report, it is
questionable if a target acquisition system twice as capable as its predecessor were mated with a missile
system twice as capable as its predecessor that the product would be four times as potent.

Nonetheless, this type of functionally defensible composite does meet the basic criteria and offers a
data reduction option under rigorously controlled circumstances. The input variables must be critically
scrutinzed to ascertain their adaptability to the process, and the computational scheme must reflect

accepted operational relationships. The variables related to most of the attributes under evaluation here

do not lend themselves to the composite approach.

5.2.3  Factor Analysis - A Reprise

At first blush, factor analysis possesses many of the qualitics which satisfy the data reduction criteria out-
lined above. It is certainly comprechensive in that there are structural limits on the number of vanables
which can be analyzed. It is efficient, since groups of statistically related vanables are arrayed into factors,
each of which accounts for a specified proportion of the overall vanance within the data set. This char-
acteristic permits the researcher to peg the number of factors extracted for subsequent use to the number
pertinent to the phenomenon under investigation. The factor scoring utility calculates relative scores for
cach case which add the absolute values for the variables in the data set in consonance with their loadings
on the factor. A single value measured on a common scale is thus generated for cach case on as many
factors as are required to reach the desired level of explanation. Conceptually at least, the major draw-
back is that factor scores are interval level measures which are not natural candidates for subscquent

computations involving multiplication or division. This failing is not insubstantial in a model which

> See Sherwin and Laurance, ‘Arms Transfers and Military Capability’, pp.372-374. Other questionable
composites include one commonly used in the military community which multiplics payload times
radius to indicate relative ground attack lethahity.

% The procedure is actually more complex and 1s described in detail in Vogt, The rascrory ™

Methodology, pp.2-9 to 2-14.
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Chapter 2 sampled factor analysis based aircraft capabilities studies and highlighted the deficiencies
encountered in using factor analysis to spring from raw variable values directly to an employment level
combat potential assessment. In reviewing the factor analyses accomplished by Snider and LeGrow, it
was observed that the attempts to relate a minimum number of factors to such overarching concepts as
offensive and defensive capabilities or air-to-air and air-to-ground potential exceeded the reasonable
bounds imposed by the nature of the technique itself and by the explanatory breadth of the variables con-
sidered. Exploring the more sophisticated application conducted by the Analytic Assessments Corpora-
tion, some additional deficiencies were highlighted. Implemented at the systems level, factor analysis
defines variable groupings which are statistically valid but which often lack functional legitimacy. The
calculation of scores for performance attributes includes values for variables which are operationally
extraneous. Factor models incorporate no inherent logic for the aggregation of scores for multiple attri-
butes (factors). These substantial defects in application aside, the factor analysis technique did demon-
strate a facility for educing a common scale for the composite measurement of the contribution of multi-

ple variables to the value of a specific attribute.

5.2.4 Summary

Each of the data reduction techniques investigated has significant assets and liabilities. The use of marker
variables isolated by whatever technique is parsimonious but sacrifices too much explanatory power. The
creation of composites is a valid but spotty solution of too limited applicability to satisfy the majority of
analytical requirements in this investigation. Factor analysis offers the most comprehensive solution but is
ineffective when applied exclusively at the weapon system level. Additionally, its output is not fully ame-

nable to inclusion in subsequent computations.

5.3 A Minimalist Approach

A data reduction scheme which meets the stipulated criteria might seem unobtainable, but the kernel of a
solution resides in a factor analysis process construed less ambitiously. The programmatic structure
extruded in Chapter 3 provided a framework in which essential weapon system attributes and their func-
tional relationships were qualitatively delineated. Therefore, there is no requircment for the simultaneous
factorial analysis of all variables which pertain to an air weapon system. With attributes already defined
and linked, data reduction nced only be accomplished within the realm of each attribute itself. If all vari-
ables in the problem were functionally associated with the attnibute being analyzed, the denved factor
scores would be purged of the debilitating influence of irrclevant values. Setting aside the level of meas-
urement problem for the moment, further elaboration of the minimalist factor analysis approach is war-

ranted.
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5.3.1 Variable Reduction

5.3.1.1 Analyze or Assign

The first task is to isolate and screen those variables contributing to the attributes identified in Chapter 3.
To preclude the previously discussed distortions which arise when dichotomous variables are factor ana-
lyzed, they were excluded from this phase of the data reduction effort and relegated to insertion during the
combat potential computation phase. The field thus narrowed, there are two alternatives for associating
variables with attributes for factor analysis. Variables could simply be assigned to an attribute group
based on their functional relationships, or they could be statistically grouped using factor analysis at the
subcomponent (e.g., airframe, missile, etc.) level. The latter technique offers the advantage of previewing
statistical anomalics and flagging possible redundancies. Reflecting on the observations made concerning
earlier studies, reliance on factor analysis alone to accomplish this function could cause more problems
than it solves. The happy medium is to begin with subcomponent level factor analysis and then modify

1ts results judgmentally.

5.3.1.2 The Airframe Example

Principal components factor analysis was accomplished for all weapon systems subcomponents. Just
the procedure to identify and allocate those variabies associated with airframes will be described in detail,
but the same procedure was applied to each subcomponent. Table 5.2 displays the results of the factor
analysis of 26 vanables, with values on 125 combat aircraft which are currently operated or might be
acquired by Middle Eastern states.

Five factors were extracted, accounting for 85.9% of the overall variation in the data set. Vanables
loading cn the first factor were primarily those associated with aircraft size and weight. The two excep-
tions were maximum thrust (MAXPWR) and specific cnergy at altitude (SPECENA). Spced and energy
related vanables loaded heavily on the second factor, along with the variable tor wing loading (W1.OAD).
Fuel fraction (FUFRAC) loaded unexplainably on this factor, although weakly. Its cxpected association
with range related vanables (Factor 4) did not matenalize. Those variables measuring encrgy and lateral
maneuverability loaded distinctly on F'actor 3, while Factor 4 encompassed range and air-to-ground ord-
nance related variables. Factor 5, which accounted for just 4.5% of the total variance was limited to wing
aspect ratio (ARWNG) and wing span (SPAN). The association is unremarkable, since the square of
wing span 1s the nomunator in the wing aspect ratio calculation.

Vulnerability Attribute. The next step is to evaluate these statistical results within the context of pre-
viously identified airframe attnibutes and examine them for functional relevance and statistical redundancy.

A key factor in an aircraft’s susceptibility to cngagement is its size. Bigger aircraft can be detected more
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R Table 5.2: Factor Analysis - 125 Combat Aircraft p
: FACTOR FACTOR FACTOR FACTOR FACTOR

1 2 3 4 5 2
A CWGT . 89504 =
- EWGT . 89093 -
- FWGT . 89053 "
- MAXPWR .87697 b,
A MWGT . 86434
= SURF . 85243 &
SPAN . 68444 . 60204 d
LSPD . 70448 .
SCEIL .67755 -
SPD .65932
SPECENS . 65390
.65136
SPECENA .60071 .64482
CSPD . 55114
FUFRAC
3 TWP .85250
. PSFL100 .82569
TURATE .79935
LIMG . 76382 -
FRANGE . 73902 -
H GARAD . 69927 -
MAXORD .69763 "
: ATRA . 67524 -

- STNS .67392 .

b ARWNG . 93662 :
> surely at greater range visually or with radar.’ An aircraft’s empty weight (EWGT) and fuel weight :::
_"‘- (FWGT) arc subsumed in the calculation of its combat weight (CWGT), and it has alrecady been stipulat- :::
’ ed that aircraft rarely operate in combat at their maximum weight (MWGT). Maximum power .:-

(MAXPWR) is urelevant to the attribute and is assumed to load with these variables because larger air-
craft require greater power. Therefore, EWGT, FWGT, and MAXPWR were climinated from further
processing, leaving the size attribute of the susceptibility to engagement calculation described by the vari-
ables combat weight (CWGT), wing span (SPAN), and wing surface area (SURF).
Airspeed|Energy Attribute. The variables which loaded on the second factor were for the most part -
measurcments of various aspects of airspced and energy. Wing loading (WLOAD) and fuel fraction "_tf

._‘ (FUFRAC) are the major exceptions, and their inclusion in the factor is a statistical quirk rather than a "

- meaningful functional association. Of the remaining six varables, two, specific energy at altitude .

&S[’ECENA) and ﬁpcciﬁc energy at sca level (SPECLENS) are products of calculations in which maximum

B L SRR

7 Other attributes contributing to susceptibility to engagement are its speed and mancuverability, which
contribute their own dynamics.
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airspeed at altitude (ASPD), service ceiling (SCEIL), and maximum airspeed at sea level (LSPD) are cle-
ments. Since the specific energy variables constitute a more sophisticated measure of the speed;cnergy
attribute, they were selected for insertion into the scoring process, along with rate of climb (CSPD). This
screening eliminated the adverse influence of redundant measures of comparable phenomena and limited
the remaining field to variables the values of which showed a more normal distribution than their antece-
dents.®

Mgoneuverability Attribute. Factor 3 variables are all statistically and functionally related to maneu-
verability (acceleration and turning). The design G value (LIMG) was subsumed in the calculation for
maximum instantaneous tumn rate (TURATE), and the thrust-to-weight ratio value {TWPWR) was uscd
in estimating the denominator in the rate of turn equation and is closely correlated (0.98) to specilic excess
power (PSFL100). For the sake of efficiency, TWPWR and LIMG were eliminated from further pro-
cessing.

Range/Endurance and Payload Attributes. The fourth factor encompasses vanables associated with

two airframe attribuies: range or endurance capability and payload capacity. It is not illogical that these

A

(A
s PR A AN

variable should load on the same factor statistically, since aircraft designed to carry large volumes of ord-
nance are also usually designed to carry it greater distances. More subtly, an aircraft with multiple exter-

nal stations and and a heavier external load capacity can also carry more external fuel, thereby cxtending

DR

its range in certain configurations. However, the simultaneous consideration of payload and range related

variables in the same same factor scoring module does not satisfy the goal of extracting scparate values for

the range and air- to-ground payload attributes. A composite score for a notional range;payload attnibute
would fail to capture the varying utility of these qualities in different mission roles.?

Consequently, this factor was split into two ‘sub-factors’ which correspond to the attributes for
which measurements are desired: air-to-ground payload and range. A further subdivision of the range or
endurance attribute was also requircd to accommodate processing considerations. Aircraft with singular
mission roles (e.g.interceptors or ground attack fighters) had values entered only for the variable, arca
intercept radius (AIRAD) or ground attack radius (GARAD), which corresponded to their mission cat-
egory. As a result, these two variables are replete with missing values, a fact which causes serious abnor-
malities in the factor analysis solution and permits factor scoring only if mean values are inserted in place

of the missing data.!! The solution was to process air-to-air and air-to-ground aircraft in separate runs.
bt b b b

8 AseD. [.SPD, and SCEN. were skewed -0.256, -1.229, and -0.890 respectively. SPFCENA has a
skewness value of 0.069 and SPLECIENS one of 447,

9 Additionally, it should be remembered that the payload attribute for aircraft accomplishing air- to-air

missions s alrcady described in terms of specific mussiles in the configuration file, making the gross

measure of carrying capacity trrelevant.

0 An alternate was to create separate air to ground and air to air data bases with a variable akin to

AAC’s ‘mission radius’. This solution was rejected as being unnecessanly duplicative,
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Multi-role fighters were inserted in each. The final lineup was a factor group representing the air-to-
ground payload attribute comprised of maximum ordance capability (MAXORD) and air-to-ground ord-
nance weapons stations (STNS); one focusing on the air-to-air endurance attribute, area intercept radius
(AIRAD) and ferry range (FRANGE); and one capturing the air-to-ground endurance attribute made up
of ground attack radius (GARAD) and ferry range. 1

The Orphan Attribute. The fifth and final factor presents an interpretation dilemma. Wing aspect
ratio is an indicator of relative lift, but it loaded on neither of the attnibutes which might have been antic-
ipated, speed/energy or maneuverability. Since the explanatory power of this final factor was negligible

and did not correspond to an essential airframe attribute, it was dropped.

5.3.1.3 Target Acquisition Systems, Missiles, and Guns.

An analogous process was accomplished for each of the other air weapon system subcomponents. To
avoid repetitivn, just the high points and anomalies associated with them will be noted. As with air-
frames, variables described by nominal or dichotomous values were not entered into the factor problems.
All of the vanables in the target acquisition set loaded on a single factor. This was categorized as com-
prising the ‘performance’ attribute. The gun variable ‘dispersion’ is inversely related to accuracy. To
channel the scoring thrust in a positive direction, this variable was transformed into a reciprocal. Two
factors were extracted, with muzzle velocity and rate of fire loading heavily on one; and calibre, maximum
effective range, and the reciprocal of dispersion loading on the other. The .wo factors were separated and
scored as for airframes. In the air- to-air missile set, variables loaded on two factors. The first showed
heavy loading for those variables related to a missile’s performance or lethality (the six range related van-
ables, speed, warhead weight), while the second was composed of those defining a missiic’s vulnerability
to detection and target maneuvering (diameter, weight. and a necgative loading for the mancuverability
variable, G limit). Since the maximum and minimum range variables against high and low altitude targets
had been the values in the maximum effective range computations, they were set aside. The G limit varn-
able was transformed into a reciprocal, so that highly maneuverable missiles would score lowest on the
vulnerability attribute. Two separate factor scoring problems were formulated to denive scores for each

attribute.

I

Although th' fuel fraction vanable did not load on this factor, it was testec along witn the range
variables 1n deriving factor scores. Its inclusion generated results which in some instances were at
drastic vanance with known relative endurance qualitics. The probable reason is (hat the vanable
accounts only for relative fuel capacity and not fucel consumption cfficieney. It i~ ikely a valid rela-
tive indicator if a single class of sumilarly engined arrcraft 1s under study. When applied ac: oss a
sample as broad as this, 1ts cffects are counterproductive.
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5.3.2 Attribute Indices Utilization

5.3.2.1 The Dilemma

As noted previously, the aggregation methodology contemplated for this study demands attnibute values

be measured on ratio scales. The influence exerted by negative factor score coefficients was preempted by

the insertion into each attribute problem of only those variables which load heavily (statistically and func- -
tionally) on the factor and the conversion to reciprocal values of those variables which load negatively.

Still, the fact that all raw data are transformed into standardized values prior to score calculation stands as

a barrier. Several mathmatical solutions were attempted, all basically anchored by tried techniques for
reversing the standardized scoring proccss.12 In fact, an arbitrary system was employed in the analysis
prototype. The data bases all contained systems the performance characteristics of which verged on the
minimum essential 1o a weapon which would have even a negligible combat impact. A nominal zero
surrogate factor score was created at a point one standard deviation below the lowest authentic factor

score in each attnbute set. Its inverse was then added to each score on the attribute. The solution s -

workable but unsatisfying, smacking of smoke and mirrors. .

5.3.2.2 A Possible Resolution
The threads of a possible solution reside in the nature of the data processed in this particular string of
analyses. Since nomina! and dichotomous variables were excluded from factor scoring, values for all
remaining var.ables could be assumed to have ratio properties, including a natural zero poim.13 It was
observed that the few older aircraft which had no capacity to carry external ordnance (weapons stations
and maximum ordnance = () still received a factor score value. Since the values for these cases consti-
tuted valid natural zero points when entcred into the problem, would not the scores generated for them T
also constitute the zero point of the factor score scale? -
To explore the potential, a ‘control’ case was created for cach subsystem with a value of zero :
assigned to all its variables. Factor analysis was accomplished at the subcomponent level to determine if
the insertion of the control case forced a redefinition of the factors (attnibutes). The basic groupings
remained the same. The same procedure was emploved for each attribute, this time with factor scores S
produced. The inverses of the values tor the control cases were added to factor scores for the operative

cases, creating sets of attnbute values which intuitively had ratio properties.  However, logical assertion

The AAC study, for instance, speculated that a value five standard deviations from the mean might
constitute a reasonable surrogate for zero.

As ludicrous as the example might seem, a notional aireraft with an absolute capability of sero would
not flv. Thus, its airspeed. mancuverabihity, mission endurance, ete. would be sero Despite the
awkwardness of the conception, it 1s no more unrealistic to postulate than the notion of zero temp
crature or distance.
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5.3.2.3  The Ratio Test .
The key element in establishing credibility is to demonstrate that the adjusted scores possess the same :
ratio relationships as the tnput values. Reaching that goal with the study data files is patently infeasible. .
A notional three vanable data set (VARI, VAR2, VARJ) was created with values for ten cases. It is

shown in Table 5.3. ‘Case0’ was assigned values of zero for each vanable, and ‘Casel” was assigned the R
value of a prime number. Subsequent cases were given a value which doubled that for the previous case.
The data were subjected to principal components factor analysis. All showed a loading of one on a single

factor, with factor score coefficients of 0.33333.

". Table 5.3: An Obscrvable Data Set ]' -
i CASE VAR1 VAR?2 VAR3 :
; Case( 0 0 0
f Casel 1 3 5
Case? 2 6 10
Casel 4 12 20
Caseé 8 54 40
Case) 16 8 80
Caseb 32 96 160 -
Case?/ 64 192 320
Case8 128 384 640 .
Case9 256 768 1280 -

The scores are listed under the heading ‘FACTOR SCORES (RAW) in Table 54. The inverse of
the raw factor score for ‘Casc0’ (.61933) was added to the factor score for each case, and the results tabu-
lated under the column annotated 'FACTOR SCORES (ADJUSTED). As can be recadily scen, their

values, with rounding, follow precisely the same progression as the input data. “

Table 5.4: Adjusted Ratio level Scores

|
CASE FACTOR FACTOR !
SCORE SCORE r
(RAW) ( ADJUSTED) | !
! Case0 -.61933 . 00000 ; g
g Casel -. 60721 .01212 ! NS
' Case? -.59509 . 02424 N
| Casel -.57085 . 04848 R
; Caseé -. 52237 .09696 | -
: Caseb -. 42541 . 19392 g -
' Caseb -.23149 . 38784 \
: Case/ . 15635 .77568 |
1 Case8 . 93202 1.55135 ‘ :




;

5.3.24 The Distortion Test

No solution is without its price, and the application of the zero based scoring technique appears to exact
two. The first is the most troublesome. The inclusion of a control case unarguably alters the spread of

14

the study data sets.”” As noted above, the factor patterns and score coeflicients did not change, but a

cursory review of scores for airframes with and without the control case showed the changes in the values
of the derived factor scores for the active cases.

The magnitude and direction of the changes had to be determined along with their effect on relative
rankings.15 Factor scores were generated for five of the attnibute groupings of the airframe data set under
two conditions, one with the control case and one without. Ordinal rankings were determined for each
attribute pair, and the results compared using a non-parametric correlation procedure. The results are

depicted in Table 5.5. Clearly, the effects of the insertion of the control case on relative case rankings was
negligible. 10

Table 5.5: Impact of the Control Case on Rankings
ATTRIBUTE SPEARMAN's
RHO
Speed/EnergX~ 0.9997
Maneuverabi 1t§ 0.9999
Air-to-Ground Range 0.9988
Air-to-Air Range 0.9906
External Ordnance 0.9991

To put the effects of the insertion of the control case in perspective, the same test was conducted,
this time removing two active cases from the file (a fighter-interceptor and a ground attack fighter). The
effect on the speed, maneuverability, and air-to-air range scores was comparable. However, the correla-
tion of scores for the air-to-ground range and external ordnance attributes dropped to 9709 and 9566

respectively.  Thus, it can be safely assumed that the inscrtion of the control case has at least no greater

Eatci b ot bbb oD R Dt

14 Ironically, the inclusion of zero values forced a more normal distribution for several vanables which
were skewed to the night.

15 All factor scores represent relative values within the confines of the factor space. Hence, the addition
or deletion of anv case, active or control, will change the relative scores and may change the relative
rankings. These changes are a result of the standardication transformation which s applied 1o all
absoluie values prior to score generation.

16

Case by case results were also reviewed, The vast majority of rankings remained the same. Only a
handful changed by more than two positions and just one by more thun two positions (tour)  With
the exception of the inexplicable four position change on one case, most of the chanaes could be
traced to order reversals among vanants of the same basic airframe (1.e., MiG-253R and MiG-250,
.\Iimgcl-llflz\ and Mirage-FiB).” While the reason for this phenomena is unclear, its effect is inconse-
quentiad.
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effect on relative case rankings than would the addition or deletion of active cases. 17

Although the effect of the control case on the scores’ rank orders was inconsequential, it is prudent
to observe its impact on the score values themselves. The same paired lists of scores were compared
through the Wicoxon Signed-Pairs Test to determine the direction and locus of differences. Output sta-
tistics reflect the same tendencies for each pair of lists. The means of the values falling in the first two
quartiles were higher (less low) for the factor scores computed using the data sets including the control
case. The reverse was true for values which fell above the median. The means, standard deviations, and
and value ranges decreased slightly for the lists computed with the zero base. For each pair, the number
of cases in which the zero based score increased was larger than the number in which the reverse was true.
Within the more compact value ranges, scores toward the higher end of the scale increased slightly while
those toward the bottom decreased, providing greater differentiation. Predictably, the two-tailed signifi-
cance tests rejected the hypothesis that respective distributions were not similar (P = .0000). Coupled
with the results of the rank order correlation test, these statistics suggest that the insertion of the control
case does not adversely distort the sets of attribute factor scores. Conversely, an argument could be made
that the zero values provided a more well-defined representation of the actual ratio differences among the

active case input values, although this would be difficult to substantiate.

5.3.2.5 The Scale Test

The second price exacted by the adjusted scoring technique concerns the comparability of inter-attribute
measurement scales. The raw scores for the zero point varied considerably among the attribute scts,
ranging from a low of -1.90708 for the ordnaace attribute to a high of -4.85510 for mancuverability.
Thus, their inverses constitute an uneven threshold. The threshold values themselves would in ctfect
determine a portion of the relative weight accorded each attribute during the additive phase of the scoring
process, mirroring the problem caused by adding disparately scaled values discussed at the beginning of
the chapter. After several false starts involving the computation of a grand mean across the attribute data
sets, a vanation on the indexing technique was adopted. The concept of indexing each attnibute to the
values for a given system satisfies the objective within the subsystem groupings, but fuls to provide the
desired common frame of reference across subsystemns. A more viable alternative 1s to index each attribute
score set to its own means. Considering the nature of the adjustment process, the mean of cach score set

18

15 equal to the inverse of the raw factor score of the set's control case.”” To cast the adjustiment process

C hdnLcs in case composition are made regularly. The imitial airframe file, tor instance. grew trom Sé
to 125 cases over the course of the study.” Since any list of cases represents a sample of a lareer uni-
verse, the effect of the incluston or exclusion of cases does not constitute a imvalidating factor. It
mcrcl\ expands or contracts the space within which relative values are determined.

Since the raw factor scores are standardized, their mean is 0. Adding the inverse of the raw factor
score for absolute 0 1o the mean case creates @ mean cqual to the value of the inverse.

. K3




in equation form, the adjusted factor score for Casel would be calculated:
fla = ((fl + (f0 * -l))/(fo * .1), where:
f la = Adjusted Factor Score for Casel
f; = Raw Factor Score for Casel

fO = Raw Factor Score for Case0.

5.3.3 A Reduction Method

The path might have been tortuous and its end, like that of any data reduction scheme, a less accurate
portrayal of reality than its contributing parts, but a modestly geared factor analysis technique has suffi-
cient merit on balance to warrant its employment. Of the alternatives, it best satisfies the four cntena for
effective data reduction postulated in the introduction. Applied at the subsystem level in conjunction with
subjective appraisal, it defines the groupings of variables which most efficiently captured an attnbute s
value. At the attribute level, it generates raw factor scores which portray the relative value of cach case on
a given attribute.  Finally, the ratio properties of case scores can be restored in relation to a control case,
and the adjusted scores indexed to their means to create a common frame of reference across attnibutes
and subsystems. The outputs from this chain of analyses form the inputs along with the values for the
nominally scored variables and relational variables to formulae computing a weapon svstem's relative
technical potential in combat roles. These, in turn, can be mated with with force propagation attributes

to determine aggregate potential at the national level.

5.4  Data Reduction Results

The spadework done, 1t remains to generate adjusted factor scores for the vanous subsystem attributes and
judge the results subjectively. This section will touch on the salient points associated with cach data
reduction iteration, capsulize results, and offer some subjective assessments of them. Complete histings of

the adjusted factor scores for each subsystem are presented in Appendix L.

5.4.1  The Airframe Subsystem

Scores for the five attributes comprising the airframe subsystem were derived using the minimalist tactor
analysis technique described in the preceding section. The raw and adjusted factor scores tor the top 13
sconng arrframes are displayed in the tables for cach attnbute. Some cautionany notes are in order
regarding interpretation of the data in the tables. Most importantly, the scores have been adjusted math-
matically, but no modification has vet been made to account for the influence of nommally ~cored char-
actenstics such as vanable camber wings (mancuverability) or navigational capatality traneey The per-

ceptive reviewer will alho note that, in some instances, airframes with shehtly ditferent raw tactor scores

- -
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are shown as having the same adjusted factor score in the display tables. This anomaly is caused by the

truncation for display purposes of the latter value to three decimal places. The automated files retain five

IT‘

decimal place values, which are used in aggregate score computations. The question may also arise as to
why similar variants of an airframe have different scores on the same attribute, in particular maneuver-
ability and detectability. [t should be remembered that each varant is specifically configured, and its

combat weight calculated on the basis of that configuration. Thus, the Tigershark variant whose radar has

A, 4, 4yt Ty 8

Teoodddd

the continuous wave target illumination option installed (F-20A) is configured with AIM-7 and AIM-9

air-to-air missiles, while the other variant (F-20) carries only the lighter AIM-9's. Since combat weight or

a composite variable of which it is a component is involved in the factor analysis of these two attributes,

the scores can be dissimilar and legitimately s0.19

[ AR

5.4.1.1 Speed/Energy Attribute
The raw and adjusted factor scores for fiftcen airframes which scored highest in the 125 airframe set are
depicted in Table 5.6. The location of the Mirage-FIE at the top of the list might seem surprsing.
towever, the most capable configuration of this aircraft has modifications to cockpit transparency and
;: wing leading edges which give it a Mach 2.5 capability at altitude, while retaining a Mach 1.2 top speed at
. sea level. Like all of the later model Dassault fighters, it also has a high rate of climb. The placement of
) the MiG-25R. which set high altitude speed records, in sixth position might also take some reviewers
aback. But the MiG-25’s have a relatively poor speed capability at lower altitudes due to their airframe
design and structural composition. In fact, the positioning of the MiG-25's is an cndorsement of the
principal that a single dimensioned ‘marker’ variable is insufficient to portray a meaningful picture of
combat specd. Finally, it is instructive to note that {1 of the 15 aircraft which rank highest on the speed. B
energy attribute are not of U.S. or U.K. design. It has been observed that designers from these two
countries have recognized the limited applicability of speeds in excess of Mach 1.8 in most combat sce-
nanios and have subordinated technologically attainable maximum speeds to other considerations such as

e D -
mancuverablhty.“o. o

B R R
{ . . - . . . . . "
1 Where multiple vanants of a basic airframe have the same score on an attribute, the score is credited .
to a single designator describing all the variants to which the score applies (e, F13 A B .C D).
U Qe Gunston, Modern Air Combat pp.14-17, and pp.186-193, for an informative discussion of the
relative ments of vanous atrframe attnbutes in combat. o
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X Table 5.6: Airspeed/Lnergy Factor Scores »
\ ATRFRAME FACTOR FACTOR 2
SCORE SCORE )
) (RAW) (ADJUSTED)
MIRF1E 1.71643 1.734 -
MIG29 1.36185 1.582 ~
3 MIG31 1.32272 1.566 g,
. MIR2000C/T 1.31800 1.563 y
. MIG25R 1.29513 1.081 v
. MIG256U 1.21650 1.520 -
MIR2000R 1.19940 1.513
F15A/B/C/D 1.18451 1. 506 .
. syz27 1.12331 1. 480 -
. MIG23G 1.09501 1.468 s
< F15E 1.09396 1.468 o
MIR4000 1.09134 1. 467
FA18L 1.08935 1.466
Fl6AéB/C/D 1.07952 1.462
MIG23B 1.07450 1.459
| .
j
. 5.4.1.2 Maneuverability Attribute
) The factor scores scaling relative maneuverability, Table 5.7, will perhaps provoke the most controversy, °
3 since the results seem to challenge the assumed ascendancy of the lightweight fighter in this attribute.
However, it must be remembered that the attribute adresses maneuverability in two dimensions, enecrgy
maneuverability or acceleration and instantaneous turning performance. The former dimension contrib-
utes to the positioning of the F-15E and SU-27 at the top of the list. It also bears mentioning that the
perforiance data on these fighters and on the MiG-29, Mirage-4000, and other new models are predicated -
on design goals or prototype test results and not on operational performance. [t can be safely assumed .
R that many of the values on vet-to-be-ficlded systems will be altered when thev reach operational status -
and track records are scrutinized. The high mancuverability rating of the planned cxport version ot the
": Hammer (HARMKRO) 15 consonant with its high thrust-to-weight ratio. In a continuation of a previous .
- comment, note that 12 of the top 15 scores are awarded to fighters of Amencan or Brtish design. The ""
mancuverability values shown will be further modified duning the sconng procedure when the ctiect of
devices which vary thetr wing camber 1s considered. N
5
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: Table 5.7: Maneuverability Factor Scores ::
’ ATRFRAME FACTOR FACTOR N
CORE SCORE
RAW) (ADJUSTED) -
v, F15E 2.32053 1. 468 -
: Su27 1.87997 1.389 3
> F1l6A 1.86495 1. 386 -3
F16B 1.85503 1. 384 “
F1l5C 1.83723 1.380 .
F15D 1.78677 1.370
MIG29 1.74691 1. 361
F20 1.72460 l.357 -~
F20A 1.61733 1.335 -
MIR4000 1.61681 1.335 <
F16CSC 1.57651 1.326
F15CFP 1.55900 1.323 .
F16C 1.51086 1.313
HARMK8O 1.50160 1.311 -
F1l6D 1.43996 1.298
5.4.1.3 Air-to-Air Range Attribute B
The highest relative air-to-air range or endurance scores for interceptors and multi-role fighters are listed in .
Table 5.8. The F-15CFP 1s an F-15C configured with conformal fuel tanks (FAST packs). which increase ﬁ:
its sub-sonic area intercept and ferry ranges considerably. While ferry range has no intrinsic combat qual- :-'_
ity, 1t suggests an airframe’s endurance enhancement potential if external fuel tanks and fuel efficiencies are N
employcd.21 Only two of the newest Soviet fighters appear near the top of this group which is dominated
by Western produced airframes.
dekb b b f bbb b bk
21 Ihis association is arguable. But a high fuel, ight weapons load option would be called for in some
Mideastern combat scenanos where endurance 1s a primary concern. Trantan - 14s were reportedly
employed in this configuration in the carly stages of the war with Iraq. Thus, some measure of Ny
endurance expandibility potential was belicved important enough to inclludc. I'he same logic was )
used in denving the air-to-ground factor scores. ~
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Table 5.9: Air-to-Air Range Factor Scores ’

AIRFRAME FACTOR FACTOR |
CORE SCORE

RAW) (ADJUSTED) |

F15CFP 2.35225 1.717 |

F15E 1.78011 1.542 g
F14AC 1.84757 1.563
MIR4000 1.70393 1.519
FI5C 1.52780 1.466
F15D 1.34757 1.411
TORADV 1.27140 1. 387
MIR3NG 1.17925 1.359
FI15A 1.17463 1.358
MIRF1E 1.03482 1.315
F1SB . 99440 1.303
FAI8L .99292 1.303
SU27 . 95923 1.292
MIRIIIE . 95836 1.297
MIG31 . 86412 1.263

5.4.1.4 Air-to-Ground Range Attribute

The top two positions in the air-to-ground range attribute list, Table 5.10, went to the two Soviet built
bombers deployed in Middle Eastern countries. The inclusion of the earlier model I'-15 variants in this
attnibute group could be challenged. However, they do have a secondary attack capability if appropnately
configured. In fact, some reports claimed Isracli Air 'orce F-15s participated in the bombing of the Osi-
rag nuclear reactor. The extraction of scores in a secondary role on this attribute acknowledges the
potential while offering no suggestion of its attainment. The air-to-ground potential scorng logic will
consider the mission of the unit of assignment and the configuration of the air weapon svstem before ren-
dering a score at the force level 22 The Tomado Interdiction Vanant (TORIDS) recently ordered by
Saudi Arabia scored well on this attribute, as did several of the older single purpose ground attack fighters
(A-TE, A-7P. Mirage-5D2, and A-4H1). The air-to-ground range scores will be given the added dimension

of etfective’ range, when modified by navigation capability values in the sconng process.

2

S}uudi Arabian [-13s are not equipped for air-to-ground missions, nor arc their aircrews truned in
them.
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. Table 5.11: Air-to-Ground Range Factor Scores <
. AIRFRAME FACTOR FACTOR -
SCORE SCORE
(RAW) (ADJUSTED)
TU22BD 4.74706 2.924 -
TUL6AG 4.29450 2.740 .
F15CFP 2.04871 1.830
F15E 1.49469 1.606 8
F15C 1.39035 1.563 o
TORIDS 1.36715 1.554
A7EéP 1.32630 1.537 s
MIR5D2 1.28591 1.521 )
F15D 1.25992 1.511 o
MIR3NG 1.19300 1.483 -
A4H 1.19024 1.482 "
1128 1.10718 1.449 R
F15A 1.03215 1.418 N
FA18L . 93925 1.381 =
MIR4000 . 62108 1.252 ’
5.4.1.5  Air-to-Ground Ordnance Attribute -
a The air-to-ground ordnance attribute scoring problem considered two aspects: the maximum ordnance
weight which could be carried and the number of positions on which it could be carried. The resuits for
the top 15 scoring aiurframes are included in Table 5.12. The number of stations was included in the factor
problem to capture the flexibility in ordnance mix engendered by multiple stations. The large number of
weapons positions available propelled the A-10A over seven other systems which have a greater total car-
rying capacity. While this result might raise eyebrows, the facet of multiple weapons type capability
which it portrays is important.23 The F-4MOD in the third position is a ‘paper airplane’ at present, a :;:
design proposal developed by the Boeing Corporation and the Israeli Air Force to modity a portion of the D
IAL's F-ds drastically to increase range and carrying capacity. Note the presence of just two Soviet fight-
K ers in the top grouping, the SU-25 and SU-22 ground attack aircraft. Soviet fighters generally scored low
. on this attribute and on the air-to-surface range attribute, indicative of the relatively weak air-to-ground .
- potential of aircraft supplied Middle Eastern clients by Moscow. During score computation, the adjusted -
' scores will be further dufferentiated to account for the precision and non-precision ordance delivery capa-
bulities of the host aircraft. !
33 An alternative seonng process was also tried for this attonbute, simply indexing maximum external
- ordnance to the mean ot the of the vanable set. The results shifted some individual scores, but the
N rank order correlation remamed relatively hich (r, = 7917) The indexed scores were retained for
o turther sensitvaty analvas i the combat potential tomputation phase.
N9 .
N




Table 5.12: Air-to-Ground Ordnance Factor Scores
AIRFRAME FACTOR FACTOR
SCORE SCORE
(RAW) ( ADJUSTED) |
TU22BD 2.96083 2.342 t
F15E 2.43530 2.095
F4MOD 2.39578 2.077
TORIDS 7.09097 1.935
MIR4000 1.88353 1.838
TU16AG 1.83921 1.814
A10A 1.82164 1.813
( FALSL 1.57579 1.692
| SU25 1.30224 1.571
| F4EF 1.27546 1.546
F15CFP 1.23371 1.530
% F16A/B/C/D  1.15844 1.495
LAVI 1.03694 1. 443
) MIR2000C/T 1.03520 1.437
sU22 1.01349 1.431

5.4.1.6 Detectability Attribute

The final table, Table 5.13, Lsts the results of the vulnerability to detection segment of the factor scoring
process. Unlike the preceding tables, Table 5.13 depicts the 15 airframes with the lowest scores, the ones
least likely to be detected based on their size and combat configuration. The factor scores will be one of
four clements of the vulnerability to engagement compuation. The others are speed, maneuverability, and

clectronic combat capability.
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Table 5.13. Airframe Detectability Factor Scores | :
AIRFRAME FACTOR FACTOR o
?COR% SCORE P
RAW (ADJUSTED) ;
SF260QTP -1.00573 . 499 }
SF260MW -1.00279 . 500 ! N
F5A -.81966 . 591 | R
F5B -.81507 . 594 1
F5E -.71492 . 644 '
F5F -. 69438 . 654 |
RF5E -.69432 . 654
F104GCF -. 67349 . 664
F20 -.66937 . 666
F20A -. 65667 .673
HARMKS80 -.65291 . 675 1
MIG21F -. 64302 . 680 \‘
MIG21C -. 64136 . 680 ;
PRCF7/ -.64136 . 680 !
MIG21JKL -.63966 . 681
l
5.4.2 Target Acquisition Systems ‘
As noted previously, all of the ratio level variables which described a target tacquisition system’s detection .
potential loaded positively on the same factor. The results of the factor scoring process for the ten highest ‘
scoring systems, all multi-mode or air intercept radars, are depicted in Table 5.14. The large and powerful 5
AN AWGH9, which 1s fitted to the F-14A C topped the list, followed by the very capable Marcont Ferrants
FOXHUNTER air intercept radar camed by the Air Defense Vanant of the Tornado. The AN APGT0
15 a multi-mode svstem which will be installed in the F-15E, while the AN APG63 and AN APG64 are :.-’
associated with operational variants of the F-15. The AN APG67 is the multi-mode radar General Flec- *:

trics produced for the F-20\, and the AN APG6S 1s the up-graded system installed in the latest F-16's

The FLANRAD and HOUNDRAD' are the radars installed in the two newest Soviet interceptors, the
SU-27 Ilanker and MiG-31 FFoxhound respectively.  Their performance charactenistics have been esti-
mated. The RDM is a multi-mode radar produced by Thompson-CSF for installation in export versions
of the Mirage 2000 series. ‘The detection values for the target acquisition cflfectiveness attribute will
change somewhat when they are combined with nominally described charactenisties (electrome counter-

counter measures, track while scan, and doppler beam shurpening) in the combat potential computations.




|

Table 5.14: Target Acquisition System [Factor Scores 5
|

SYSTEM FACTOR FACTOR i
CORE SCORE |

RAW) (ADJUSTED) ;

AWGY 2.24577 2.189 5
FOXHUNT 1.96710 2.042 [
APG70 1.96316 2.039 ;
APG64 1.92754 2.021 |
FLANRAD 1.85371 1.982 W
HOUNDRAD 1.75172 1.928 |
APG63 1.66166 1.880 ;
APG67 .90713 1.480 |
APG68 .84123 1.445 j
RDM . 71547 1. 379 ;

5.4.3  Air-to-Air Missile Subsystems

In no aircraft subsystem are the tradeoffs between performance and vulnerability to detection and defeat as
evident as in the air-to-air missile category. The size required to house a more sophisticated radar bascd
guidance system, a larger warhead, and sufficient propellant to generate longer ranges increases the poten-
tial that the missile will be detected and outmaneuvered.2* Relative lethality scores are displaved 1n
Table 5.15. All the mussiles placing in the top ten depend on radar guidance. All but two, AIM-34
(PHOENIX) and AIM-120A (AAMRAM), have semi-active radar homing {SARID) terminal guidance
systems, forcing the launching aircraft’s radar to continue target illumination until impact. This tactor,
which increases the launch aircraft’s own vulnerabihty, will be considered in the combat potential compu-
tation.

Several of the missiles which gained the highest lethality scores are also the ones most susceptible to
detection and defeat, as demonstrated in Table 5.16. While the top of the list is occupied by an older
mussile not among the top performers, the Soviet AA-6 (ACRID), the remaining entries correspond to six
of the mussiles which ranked highest in pcrform;mce.'25 The western edge in micro-clectronies can be
assumed to have contributed to absence of AAMRAM and the newest French radar guided misaile (Super
530 D) from the top of the vulnerability list. The vulnerability scores will be further adjusted to account

for the guidance system’s resistance to electronic counter-measures and will denomunate the overall com-
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5

7 Gunston points out, for instance, that a pilot who has detected a Mach 3 air-to-r missile with a
MG turming imit can outtmaneuver it by making a 3G tum at 450 knots. See Modern Ao Combat,
p-15.

28

The "B’ model designator on Soviet missiles is assigned to these variants of the basic missile which
have infra-red termimal guidance. The weights vary shightly between the guidance svstems: thus. the
ditfering vulnerability scores
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Table 5.15: Air-to-Air Missile Performance Factor Scores
MISSILE FACTOR FACTOR
CORE SCORE
RAW) (ADJUSTED)
AIMSS 3.88712 3.206
AIM7F6M 1.65487 1.939
SUPS30D 1.26857 1.720
AA9A 1.20678 1.285
ASPIDE .84823 1.483
AIM7E .84823 1.362
SUPS30F .62061 1.352
AIM120A .61216 1. 347
AAZA . 58902 1.334
SKYFLASH .52188 1.296

Table 5.16: Air-10-Air Missile Vulnerability Factor Scores
MISSILE FACTOR FACTOR
COR SCORE
RAW (ADJUSTED)
AA6A£B 2.80864 2.210
AIMS 1.75773 1.757
AATA 1.13195 1.488
AAJB 1.08042 1.466
AA9A 1.06897 1.46]
ASPIDE .78797 1. 340
SKYFLASH . 73226 1.316
AIM7D . 63438 1.273
AIMJC . 56567 1.244
SUPS30F . 53167 1.210

5.4.4  Aerial Gun Subsystems

The assignment of meaningful descriptive titles to the two factors associated with aerial guns was not
clearcut. Rate of fire and muzzle velocity loaded heavily on the first factor, while the other variables
loaded moderately, with the exception of calibre, which loaded negatively. The second factor showed
heavy loadings for calibre, maximum effective range, and accuracy. The identifications of the two group-
ings (rate of fire and effectiveness) are subjective approximations of the attributes they represent. The top
ten scores for each attnbute are listed in Table 5.17 and Table 5.18 respectively. The patterns depicted
reflect reasonable relationships among the relative overall effectiveness of the weapons.

The two factor scores will be combined according to their relative contribution to overall performance

vanance in developing a single measure of gun effectiveness. When mated to an airframe. their effective-
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Table 5./7: Aerial Gun Rate of Fire Factor Scores
FACTOR FACTOR
SCORE
(ADJUSTED)
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ness will be further differentiated by the host’s ordnance carrying capacity (rounds) in developing a net
gun potential value. Several of the guns in the analysis are mounted in external pods. These are not
mated to aircraft in the present configuration file, but scores were generated for them so that they could be

considered as armament options in later analyses if desired.

Table 5./8: Aerial Gun Effectiveness Factor Scores

GUN FACTOR FACTOR
CORE SCORE
RAW) (ADJUSTED)

GAU13A
GPUSA
DEFA554
MAU27
KCA30
XM8
DEFAS553
M621
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5.4.5 Maintenance Force Quality

As remarked carlier, the use of national scores to quantify relative measures of the quality of maintenance
forces is an illustrative sidebar to this study. Nevertheless, the process through which the relative values
were derived deserves brief mention. The four vanables standing in for motivation (armed forces per

thousand, mulitary expenditures per capita, military expenditures as a percentage of GNP and as a per-
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centage of central government expeditures) and the two suggesting technical capacity (literacy rate and
percentage of eligibles in secondary school) were introduced into a factor problem. A notional countrv
with zero values was added to the 22 active cases, and scores extracted. Although two factors emerged
under rotation, all variables loaded significantly (at least 0.6) and positively on the first one. It was
selected as being sufficiently representative. The raw and adjusted factor scores for all 22 countries are
listed in Table 5.19. Adjustments to this data set were made in a slightly different fashion than for weap-
on systems. It was assumed that the the qualitatively most proficient maintenance personnel would gen-
erate one perfect maintenance manhour. Relying on historical observations, the quality of Isracli mainte-
nance manpower was assigned a value of one, and all other observations were scaled to it in proportion to

their raw factor scores.

1
Table 5.19: Maintenance Manpower Quality Factor Scores
COUNTRY FACTOR FACTOR
CORE SCORE
RAW) (ADJUSTED)
Israel 2.37109 1.000
Jordan 1.45151 .790
UAE 1.00045 . 688
Iraq . 97870 . 683
Oman .75180 .631
Syria . 61468 . 600
Qatar . 61238 . 599
Libya . 46904 . 567 i
Saud1 Arabia 44771 . 562
! Kuwalt .42115 .556
1 gz . 13173 490
! Lebanon -.08363 L4411
; Iran -. 15596 424
PDRY -.24876 . 403
Bahrain -. 34915 . 380
Somalia -. 64010 .314
L -.82650 271
‘ Tunls;a -.82826 271
! Algeria -. 83542 . 269
Morocco -.92810 . 248
Ethlopla -1.05612 . 219
Sudan -1.28085 . 168 ‘

While these data are patentlv superficial, the relative associations among the countries are generally
congruent with other studies and subjective appraisals. They should be approached gingerly, recognuang
the fact that the input data captured only a fragment of the societal and organizational complex whach
deterrunes force quality. The quality of maintenance force indices will be used to modify the man main-

tenance hours available data in the final step in the national air combat potential equations.
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5.5 Summary

Data were reduced to a manageable matrix through a system which capitalizes on the most attractive
aspects of several different data reduction techniques. The resultant body of data represents the relative
quantities of each attribute which a subsystem possesses with the loss of sigmficant information minimized
to the extent permutted by any reduction scheme. Variables not lending themselves to higher orders of
measurement were not forced into statistical problems iil-suited to their evaluation. Most importantly, the
temptation to substitute neat statistical formulations for weighting relationships better determined by

expert operational judgment has been eschewed. Within the context of the study framework, the bulk of

the information required to calculate estimates of national air combat potential 1s now in place.
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Chapter 6
AIR COMBAT POTENTIAL SCORE COMPUTATION

Having plowed through the vanable selection, data collection, and data reduction processes, the final step.
air combat potential score computation, is almost anti-climactic. The evolution of national force level
scores follows the hierarchical path outlined in Chapter 3. Air weapons scores are first computed at the
subsystemn level. These scores are aggregated, in tum, at the air weapons system level in consonance with
specified system configurations and relational utility values. The force propagation branch computations
are less elaborate. Raw inventories must be transformed into operational mission specific force levels and
potential sortie rates estimated. In the ultimate step, the two branches are joined to calculate the maxi-
mum relative zombat potential a national force could expect to achjeve under optimum circumstances on
a given day. The nuts and bolts of the scoring sequence are outlined in the following sections, addressing

the air weapon system process first.

6.1  Air Weapon Systems

6.1.1  Principles
Before dissecting the individual system scoring iterations, a few general comments are in order. The com-

™ method-

putational philosophy adopted in this phase is derived substantially from the TASCFORM
ology. While the following aggregation formulae and input variables deviate in some significant aspects,
the path cut by TASC offered the most thoughttul and comprehensive approach encountered. Some rel-
evant assumptions undergird the specific procedures.

First, air weapon subsystems and systems are treated as linear combinations of attributes and sub-
svstemns respectively. The single exceptions are measures of vulnerability, which are used to depreciate the
potential of the system as a whole. While the assumption of linearity sacrifices the dvnamic of synergy
among system parts, the latter proved umpossible to capture in a broadly based aggregated model.

Second, before subsystem scores are computed. the raw attribute values evolved in the data reduction
phase are modified by nomunal values for those characteristics which enhance or diminish their potential
but which were not suitable candidates for factor scoring. Variables such as ¢lectronic combat suite and
navigation capability are examples of modifying vanables. Since all of the modifving vanables were nom-

nal, indicating the presence or absence of a combat related quality, the scoring strategy wmed at assigning
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them values which reflected their functional impact on the attribute being modified. For the most part,
analogous values were extracted from the TASC study, recast to accommodate procedural differences, and
submitted to a panel of fighter experts for review. Values were adjusted in accordance with the panel's
recommendations. As with any modifying factor or utility value in the computation process, their values
can be adjusted by users to accommodate differing perceptions or priorities.

Finally, combat potential scores are computed as a function of the mission(s) in which the air weap-
on system might conceivably be employed. Four mission areas are addressed: air defense, fighter or air
superiority, interdiction, and close air support. For the purposes of this investigation, the air defense mis-
sion includes point and barrier defensive counterair operations. The fighter mission represents over-the-
battlefield air superionity and escort employments. Interdiction includes deep interdiction and offensive
counterair operations, and the close air support mission area subsumes direct air support of ground forces,
battlefield area interdiction, and counterinsurgency applications. Mission differentiation among ths com-
bat potential scores for a given system is a function of its configuration and the mission specific reiative
utilities extracted from the aircrew survey discussed in Chapter 4. As with the modifving varnutics, these

utility values are user-adjustable during score computation.

6.1.2  Airframes

The relative potential of an airframe in a combat role (AF)) is a product of the attribute values for
airspeed/energy (NFSS), maneuverability (NFSM), and range;endurance (.\'FSRr) and their respective
relative utility values (e.g., LS, for the relative utility of the airspeed/energy attribute). The maneuver-
ability attribute is modified by a factor (MA) which accounts for the influence of devices which vary wing
camber, such as leading edge slats or maneuvering flaps, thus enhancing turning performance. The precise
effect of such devices varies from airframe to airframe. In the absence of specific data, a general value of
1.2 was selected as representing the best estimate across the field. Specific values can be substituted when
known. The range/endurance value is modified by two factors, one of which is linked to aenal retueling
capability (RA) and the other to navigation capability (NA[). Since aenal refueling is dependent on the
availabilty of tankers, it will not be included in the baseline calculations. [ts effects will be demonstrated
in a country-specific example later. The navigation modifier aims to transtorm theoretical range into
effective range by tapping the capability of an airframe to cxploit its full range potential. An experienced
navigator assigned relative values to navigation categorics ranging from dead reackoning (.6) to global
positioning system (1.4). These values were further differentiated according to the relative importance of
navigation in each mission area. Scores for airframe potential are calculated:

AF_ =(NFSS*LS )+ (.\'FSM‘.\IA‘L’Mr) + (.\JFSRr‘R:\‘Nf\r‘L’Rr)
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To demonstrate the implementation of this equation, the following example is the computation of
the combat potential score for the F-16C in the fighter mission role. The F-16 has leading edge flaps and
trailing edge flaperons for increased maneuverability and is equipped with an inertial navigation system.

AFf = (.30*1.462) + (.43*(1.2¢1.312)) + (.27*+(1.2*1.113))
AFg = 1.467

L M R s

6.1.3 Target Acquisition Systems
. The target acquisition computation assesses an aircraft’s target acquisition systems’ potential to detect,
identify, and provide engagement related information concerning a target in various combat roles. Mis-
- sion and aircraft non-specific scores (NFSTA) were derived for individual subsytems in the data reduction
phase. The air weapon system configuration file mated subsystems to aircraft variants. As was the case
with the airframe calculation, several of the initial subsystem attribute values are modified by nominally
measured characteristics in the initial phase of the computation. Visual acquisition capability is enhanced
by multiple aircrew members. Differing expert opinions were offered on the percentage improvement in
visual acquisition afforded by a second set of eyes, noting that experience, workload, and personal quali-
3 ties were key determinants. In the absence of a consensus, a tactor (VA) of 1.3 was identified as an aver-
age position. Radar scores did not consider nominally described variables such as the presence of track
while scan, doppler beam sharpening, and target illumination capabilities or address a system's relative
resistance to electronic counter measures. Presence of a track while scan capability was estimated to
enhance target acquisition by 30 percent in the air-to-air roles, and doppler beam sharpening by 20 per-

cent in the air-to-ground roles. The target illumination modifying value was set at 1.2 for laser systems

which provided a self-designating capability. These values were combined for each system into a modifv-

ing variable (TAA[). Resistence to electonic countermeasures values (ECCM) ranged from 0.7 to L.1.

\ Values were awarded to systems based on descriptions of their frequency agility, side lobe suppression,

and other features which diminish the effects of countermeasures. Utility values weight the subsvstems’
relative contnibutions to successful target acquisition in four combat roles. The target acquisition score
(TAr) calculation for an aircraft with visual (TAV), radar (TAR) and secondary subsystems (TAS) would
take the following form:

TAV = (NFSTA{*VA*ECCM)

TAR = (NFSTA_ {*TAA*ECCM)

TAS = (NFSTA *TAA*ECCM)

TA, = (UTV *TAV) + (LTR_*TAR) + (LTS, *TAS)

Again, the F-16C in a fighter rolc i1s presented as an example. It is a single-seat fighter equipped in

this configuration with an AN/APG68 multi-mode radar and a laser range finder. Since the laser range
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finder has no application in a fighter role, the value for a secondary acquisition system is set to zero. The
AN/APG68 has track-while-scan and doppler beam sharpening capabilities and has a relatively high
degree of resistance to electronic countermeasures. Just the values in the final equation are depicted
below.

TAg= (.32%.275) + (.51*2.290) + (.17*0)

TAg= 1.256

6.1.4 Weapons Payload

The calculation of weapons payload potential values (PLr) involves a number of steps and, unlike those
for the previous subsystems, is applied in two different forms depending on mission categorv. The
expression for aerial guns will be presented first, followed by discussions of air-to-air mussiles and air-to-

ground ordnance.

6.1.4.1 Aerial Guns
Aenal guns were scored on two attributes, the rapidity and velocity with which they could deliver ord-
nance (NFSRAT) and its effectiveness (NFSEFF). A third factor associated with the host aircrait, the
volume of ordnance available, must be entered into the equation. The total number of rounds carried by
each aircraft was computed and indexed to the mean of the data set. The resulting variable (NRND) 1s
used in the scoring process to modify the NFSRAT value. Since values for the relative utility of rate and
volume of fire (URAT) and ordnance effectiveness (ULEF) had not been established via the aircrew sur-
vey, they were assigned subjectively. The equation for the mission non-specific combat potential score for
an aenal gun (PLG) is:

PLG = (URAT*NFSRAT*NRND) + (ULEF*NFSEFF)
When applied to the M61A! carried by the F-16C, the associated values are:

PLG = (.6*1.546*1.573) + (.4*1.073)

PLG = 1889

1

6.1.4.2 Air-to-Air Missiles

The data reduction process scored air-to-air missiles on two attributes, performance (NT'SPERF) and
vulnerability to detection and defeat (NFSVUL). Two descriptive varables. guidance system type
(GUIDTYP) and susceptibility to electronic countermeasures (ECS) modify the respective attribute
scores. The values associated with guidance type {GL’DIDSCr) were assigned subjectively, considenng
such features as relative accuracy and the abilitv to track a target without continuing input from the
launching aircraft. The values ranged from .7 for a command guided mussile to 1.2 for one with its own

active radar homing system. The modityving factors were further differentiated by their luunch parameters

- 100 -




- "

AT /ERTREY I T T . L e

within or beyond visual range and the weight of that capability in air defense and fighter type engagements
respectively. A weight of one was awarded an infra-red guided system in a fighter role at the low end of
the spectrum, while a weight of 1.6 for an infra-red system with beyond visual range capability in the air

U The susceptibility to electronic warfare modifier was also constructed sub-

defense role topped the list.
jectively, relying largely on descriptive information. Missiles least vulnerable to electronic warfare (to
include chaff and flares) were assigned a value of .8. Those with high susceptibility were assigned a value
of 1.1. Combat potential scores (PLM,) were computed for mussiles in each of the air-to-air roles
according to the following equation:

PLM_ = (NFSPERF*GUIDSC )/(NFSVUL*ECS)
Note the use of the modified vulnerability value as a denominator. This combinational techruque
acknowledges that a system’s vulnerability to defeat depreciates the value of its performance in full pro-
portion. A sample computation is shown for the AIM-9L missile carnied by many U.S and Western
fighters and just recently exported to some Middle Eastern countries.

PLM; = (.864*1)/(.643*.8)

PLM; = 1.680

6.1.4.3 Air-to-Ground Ordnance

A single air-to-ground ordnance attribute score (NFSO) was extracted dunng data reduction, but greater
differentiation is needed to account for precision guided munitions capabiity (PGMC) and avionics sys-
tems which enhance the accuracy of unguided ordnance delivery. Precision guided mumtions are unar-
guably more accurate than their unguided cousins, producing more effective ‘bang’ for the same ordnance
load ‘buck’. However, the extent to which accuracy is enhanced over that provided by a combination of
freefall ordnance, modern release point computers, and head-up displays is the subject of considerable
debate. Individual comparnsons of specific weapons, delivery paramecters, and target arrays can be com-
puted using weaponeering algonthms. However, these are not suited to application tn a study such as
this. Consequently, modifying values were assigned in accordance with the following assumptions. A\
stability augmented (SA) atrcraft with a modem release point computer (CRPY and a head-up display
(HHUD) can deliver freefall munitions at accuracies approaching those of all but the most advanced preci-
sion guided systems. While precision guided munitions display greater accuracies, therr effective emplov-
ment can be degraded by dust. haze and darkness and by their somewhat nd delivery parameters. While
their theoretical accuracies might eclipse those of freefall ordnance by a factor of tfour or higher. thar
practical combat accuracies are more modest. The accuracy value of freefall ordnance delivered by a ~a-

bilized plattorm equipped with a release point computer and a HUD was assigned a bascline accuracs

PERF U S-S S S A -

I No such system is currently operational, but the iogic was included 1n the sconng scquence to permit

expandabtfity.
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value of one. The generic precision guided mumnition (OAPG) was assumed to be 40 percent more ettec-
tive on the average. A descending scale was used to score non-guided munitions delivery accuracy
(OANG) ranging from 1 for a full suite of delivery assistance equiptment to 0.2 for an aircraft with just an
ron sight. The two following equations apply:

PLOﬂg = (NFSO*OANG)

PLOpg = (NFSO*OAPG)
Substituting the values for the F-16C, which can deliver precision guided munitions and which is
equipped with a CCIP/CCRP type weapons delivery computer and a HUD, the computations run:

PLO (1+1.495)

ng
PLO 1.495

ng

PLOpg = (1.4*1.4995)
PLOpg = 2.093

6.1.4.4 Full Payload
Computing an aircraft’s payload potential score (PL)) is a matter of combining invidual weapons type
scores in accordance with information specified in the configuration file and weighting them according to
relative utility values by mission (VIM[, URM_, L'GL'r). PL is computed separately for the wr-to-air
and air-to-ground missions. First in the air-to-air roles, the equation below applies:

PL = (VIM *(NAAMI/2)*PLM ) + (URM *(NAAMR,2)*PLM )+ (LUGU *PLG)
The number of missiles carried (NAAMI or NAAMR, infra-red and radar guided respectively) is divided
by two to establish an indexed basic load. Earlier tests showed that, without this convention. the cumu-
lative weight of multiple missile scores dominated subsequent air weapon system calculations. The F-16C
is again used to demonstrate the computation. The latest version of the F-16C equipped with the
AN-APGS68 radar is reportedly capable of carrying radar guided (SARH) missiles. The following calcula-
tion i1s based on a weapons suite of two AIM-7F’s, two AIM-9L’s, and an M6[Al aedal gun and
addresses the fighter mission.

PLe = (39%(2:2)*1.680) + (.39%(2/2)*2.067) + (.22*1.889)

PlL¢ = 1.877

A simular set of equations determine payload potential scores in the air-to-ground mussions.  The rel-

ative utility weights for guided and unguided munitions are LPG, and UNG| respectively.

PL, = (L’PGY‘PLOpg)+(L'.\'Gr‘PLOng)+ (LGU *PLG)
Substituting values and relative weights for the F-16C in an interdiction role, the cquation would read:

PL. = (.48*2.093) + (.38*1.495) + (.14*1.889)

1
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PLi = 1.837

6.1.5  Vulnerability
As noted earlier, vulnerabulity to engagement has two contrary dimensions, detectability and the ability to
avold engagement once detected. The first dimension is captured by the size attribute scored in the data
reduction process (NFSV). The second is a product of an aircraft’s speed (NFSS), maneuverabulity
(NFSM), and electronic warfare capability (ECr). The first two avoidance attributes were determined
previously. Electronic warfare capability is influenced by the ability to know that one has been detected
(RWR) and to degrade the effectiveness of opposing target acquisition systems through passive (PECM)
or active (AECM) means. These vanables are nominally described, so the first task is to develop values
which represent their influence in avoiding detection and engagement. The basic assumption governing
the assignment of values was that possession of the full suite of electronic warfare capabilities applicable to
a given mission would diminish an aircraft’s vulnerability to the full value consistent with the relative util-
ity of ECM in a combat role. Since the vulnerability equation is additive, an aircraft with a full comple-
ment of ECM assets would have an ECr score of zero. Weights for the relative utility of each system in
varying roles were determined subjectively after discussion with fighter experts. EC, values were comput-
ed by the equation in which the presence of the characteristic is indicated by a 1:

EC. = 1I-((LRWR *RWR) + (UPCM_*PECM) +(UACM*AECM))
An aircraft with a full ECM suite would score 0; one with no ECM capability would score 1.

With the establishment of the ECr values, all the information required to formulate the vulnerability
equation was at hand. The offsetting nature of the two families of attributes posed a combinational chal-
lenge. Various strategies were tested before an approach which best portrayed the influence of the relevant
attributes and was conducive to further applications was identified. Initial vulnerability to detection is
largely a product of an aircraft’'s size. Speed, maneuverability, and electronic combat capability dirmnish
that vulnerability somewhat, but their most significant contribution is in avoiding engagement once
detected. The lower an aircraft’s potential speed, maneuverability, or electronic combat capability, the
higher the probability it will be engaged when detected. To preserve the additive combinational form.
values for those attributes which diminish vulnerability first had to be transformed into reciprocals. The
reciprocals were entered into the vulnerability equation in proportion to the relative utility values (UVS,
(JV.\lr. UVE,) established by the survey and added to the value for detectability multiplied by its utility
factor (UVV) Thus, the vulnerability to engagement potential of a fast. maneuverable wrcraft with a full
clectronic counter-measures suite would be largely limited to its detectability. In mathmatical torm,
potential for detection and engagement is calculated:

Ve = (LVVENSEV) +(USV (L NFSS) + (UMV ST NESM) +(UEV *EC))

Substituting values for the F-16C in the fighter role, the computation reads:
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Vi = (.22*.900) + (.28*(1: 1.462) + (.32*%(1, 1.312) + (.18*0)
Vg = 0.633
Applying formula across the spectrum of aircraft and missions produced reasonable differentiation.
The least vulnerable aircraft in the air defense and fighter roles scored as being approximately half as likely
to be engaged as the most vulnerable aircraft accomplishing those missions. The range of values for the
interdiction and close air support rmussions was considerably greater due to the inclusion of bombers and
low performance aircraft in those mission areas. The ratios between most and least vulnerable aircraft in
the air-to-ground categories were 3.5 and 5.3 respectively, not unrealistic considering the the low survival

expectancy of an aircraft like an SF-260 in a moderately dense defensive environment.

6.1.6 Combining Subsystems
The final step in solving the air weapon system combat potential puzzle is to assemble the pieces accord-
ing to their relative utlities in individual combat roles. No modifying factors are involved. so the procedure
1s considerably cleaner than those discussed above. Airframe, target acquisition, and payload values are
multiplied by their relative utility values (CAF ¢ L'TAr, UPLr) and added. The sum is depreciated by the
value describing the aircraft’s relative vulnerability to engagement. Mathmatically. the tormula is:

ACP_ = ((LAF *AF )+ (LTA *TA ) +(UPL *PL)/V,
Substituting the values for the previously described F-16C equipped with two AIM-7F and two AIM-SL
air-to-air tussiles, air combat potential in the fighter role would be calculated:

ACPg = ((.33*1.476) +(.37*1.256) + (.30*1.877)); 633

ACPy = 2.392
Alternatively in the interdiction role, the [F-16C’s combat potential would be computed:

ACP, = ((.27%1.329) + (.37*1.023) + (.36*1.837)):.589

ACP, = 2374

1
Lacking a better term, the product of these equations will be referred to as Air Combat Potential

Units’ (ACPU’s). It shonuld be remembered that they represent the full theoretical combat potenual ot a
spectfically configured aircraft in a particular mission role relative to the potenual of other wreralt in the
data set in the same role. Thus, adding the ACPU’s of a gven aircraft does not produce a measure of
total combat potential across a spectrum of missions. Altering aircraft configurations or changing the
composiuon of the data set will vedd different ACPU values. The methodology was designed this wayv 1o
permut evaluation of alternative configurations.  Simularly, input refative utility values applicable to he
entire mission set can be modified to accentuate a given attnbute or subsvstem corresponding to a specitic
emplovment cnvironment or combat requurement. Again, the ACPU's cencrated will change. They are

Jdynamic relative indicators not absolute measures of air weapon svstem worth
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6.1.7  Air Weapon System Results

[lustrations of the output from the air weapons system assessment process are displayed in the next four
tables, one for each mission area. Each table lists the 135 aircraft which scored highest in the category,
along with their Air Combat Potential Unut (ACPU) values and the values for their subcomponents. As
previously, multiple simnilarly configured variants have been compressed into a single entrv for editorial
purposes, even through their exact scores differed shightly. Individual values for all aircraft arranged by
mission area are included in Appendix F. All of the mission groups are dominated by newly operational
or programmed aircraft, not suprisingly. As noted previously, the values on which their scores are predi-
cated include measures of speculation and wishful thinking. Though their position atop the lists will no
doubt be sustained, the margins of new and future systems’ superiority can be expected to contract as

operational observations become available.

6.1.7.1 Air Defense Mission

Table 6.1 contains the results from the air defense mission area computations. The margin by which the
F-15E leads the pack is a product of the fact that it is configured with six AIM-120A (AAMRAM) air-to-
air missiles. Neither they nor the F-15E are currently in service. Likewise, the ranking of the medified
F-4 being considered by the Israeli Air Force is based on design information only, as is that of the
Mirage-4000. Among the operational aircraft, current versions of the F-15 score well across the board.
with particluarly high marks for payload potential. The F-15s carry six of the the newest models of the
AIM-7'SPARROW. USS. lightweight fighters (F-16, FAI8L, F-20A) also fare well, their less formidable
payload capability offset by lower vulnerability scores. The relatively low (within this group) position of
the F-14AC despite its undisputed excellence in the interceptor role is a product of the fact that its con-
figuration in this data set reflected the paucity of AIM-54/PHOENIX missiles available to its only opera-
tor in the arex, an. Just two AIM-54's were loaded on the aircraft, and even that loading is overly gen-
erous. The three newest Soviet fighters (SU-27, MiG-29, MiG-31) place in the top grouping. The next
highest sconing Soviet fighter (MiG-23G) is in thirty-second position, suggesting a wide generational gap.
Final positions in the top grouping are occupied by the latest French and British entrants into the export

market. the Mirage-2000 and the Tomado Air Defense Vanant.

-----




LA b aud g Bd el Sad Sad Sl Ad s Ao A8 B A g Al She e o

Table 6./: Aircraft With Highest Air Defense Potential |
AIRCRAFT ACP, AF 4 TA, PL, Va :
F15E 5.242 1.582 2.042 7.762 .703
FlSCéD 4,058 1.543 2.007 5.264 711 }
F15CFP 3.985 1.510 2.007 5.953 .776 ‘
F15A/B 3. 746 1. 464 1.706 5.264 . 732
su27 3.148 1.474 1.796 3.692 . 729
F20A 2.843 1. 342 1.485 2.287 . 596 :
F16C6D 2.715 1.458 1.452 2.213 .622 |
MIG2 2.554 1.416 . 854 2.808 . 633 '
FA18L 2.523 1.505 1.262 2.44Q . 672 !
MIR2000C/T 2.522 1.421 1.387 2.058 . 636
F14AC 2.459 1.439 1.674 2.991 . 820
MIG31 2.370 1.386 1.624 2.867 . 820
TORADV 2.360 1.418 1. 566 2.902 . 822
F4MOD 2.187 1.358 1.279 2.535 .773
MIR4C00 2.104 1.609 1. 146 2.046 . 739

L

6.1.7.2 Fighter Mission

Looking at Table 6.2, generally the same aircraft are represented. However, 1t is interesting to note
the positional changes, with the smaller lightweight fighters creeping closer to the top of the list and the
gaps between them and the F-135s shri.king. The MiG-31 and the Mirage-4000 drop out of the top zroup
and are replaced by the F-16A and the austerely appointed version of the F-20. Neither the F-20 nor the
F-16A carries radar guided air-to-air missiles. Despite the consequent lower payload scores, high manev-
erability and low vulnerability qualify these lightweight fighters for inclusion in the top group. Comparing
just these two tables demonstrates conclusively the benefit of employing mission sensitive relational values
In a quantitative assessment of this type. Without them, operationally or environmentally pertinent con-
siderations are overlooked to preserve statistical simplicity. The measuring instrument is leancr but inca-
pable of detecting the legitimate and force posture relevant capabuities vanations depicted in these two

tables.
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Table 6.2. Aircraft With Highest Fighter Potential 1
AIRCRAFT ACP¢ AF¢ TAg PL¢ Ve |
F15E 3.934 1.576 1.762 5.612 . 726 |
FlSCéD 3.065 1.520 1.720 3.754 . 139 !
F15CFP 3.005 1.503 1.720 &4.186 . 795 :
F15A/B 2.800 1.423 1.469 3.754 . 764
F20A 2.576 1.382 1.284 2.0Q01 . 594 ‘
F16C/D 2.392 1.476 1.256 1.877 .633
sU27 2.260 1.460 1.543 2.194 . 757 |
FAISL 2.185 1.508 1.097 2.026 . 692 |
F16AéB 2.158 1.213 .834 1.726 .614 i
TORADV 2.130 I.403 1.364 2.501 .806 ;
MIR2000C/T 2.130 1.41%4 1.202 1.631 . 657
F20 2.125 1.393 1.284 1.478 . 649 |
MIG29 2.057 1.436 .756  1.968 .653 ,
F14AC 2.045 1.427 1.454  2.426 . 849 |
F4MOD 1.880 1.350 1.124 2.156 . 802 J

6.1.7.3 Interdiction Mission

Moving to the first air-to-ground category, Table 6.3 lists the aircraft with the best potential in the inter-
diction role. Again, the programmed F-15E, the first of that series designed specifically as a true muiti-
role aircraft, is at the tcp. F-15 vanants which have only a secondary air-to-ground role move toward the
bottom of the group, their positions taken by multi-role fighters characterized by relatively small size, high
performance qualities, and substantial although not superior ordnance carrying capacities. The exceptions
are the modified F-4 and the Interdiction Variant of the Tomado. The former is planned to have signifi-
cantly greater range and ordnance capabilities than existing F-4's, and the latter was designed specifically
for the air-to-ground mission. Note the presence of only one Soviet fighter, the SU-27, in this group.
suggesting an apparent lack of emphasis in Soviet design on those qualities most important in conducting

interdiction operations.
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Table 6.3: Aircraft With Highest Interdiction Potential !
AIRCRAFT ACP; AFi TA§ PL; Vi
F15E 2.760 1.438 1.379 2.637 . 669
F16C£D 2.374 1.329 1.023 1.837 . 589
FAlS 2.272 1.374 . 882 2.066 . 634
F16A6B 2.261 1.352 . 716 1.837 . 571
MIR2000C/T 2.190 1.300 . 981 1. 660 . 599
F4MOD 2.150 1.195 . 941 2.498 . 730
F20A 2.068 1.238 . 928 1.327 . 559
MIR4000 2.026 1.360 . 842 2.069 .703 ‘
FlSCéD 2.024 1.414 1.227 1.480 . 676
F15CFP 1.951 1.388 1.227 1.694 737 !
KFIRC7 1,898 1.262 . 705 1.593 .619
TORIDS 1.897 1.291 . 874 2.160 . 764
F15A/B 1.848 1.331 1.055 1.480Q . 694
Sy27 1.831 1.205 1. 106 1.487 .693
F20 1.790 1. 245 . 928 1.327 . 646

6.1.7.4 Close Air Support Mission

A review of the close air support mussion group in Table 6.4 reveals some suprsing results when viewed
out of context. It is highly unlikely, for instance, that F-15's would be employed in a close air support
role, although they possess attributes awarded high utility values by the aircrew survey. Their inclusion in
the list does not imply employment in that role in force level aggreggations, 1t merely reflects theoretical
potential. The absence of traditional CAS aircraft such as the A-7, A-10, and SU-25 is also noteworthy.
Their positions below the top grouping are strictly a product of their higher vulnerability to detection and
engagement. The A-10A, for example, was second only to the F-15E in total payload potential, but its
vulnerability to enagement was almost twice as high due to its relatively lower speed and maneuverability.
With the exception of these structural anomalies, the CAS listing again shows the high mission potential

of small, ightweight fighters with good payload capacities, maneuverability, and speed.
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|
2 Table 6.4: Aircraft With Highest CAS Potential |
/ i
)
§ AIRCRAFT ACP . AF TA, PL, Vc :
F15E 3.115 1.529 . 749 2.764 . 560 .
F16A/B 2.743 1.423 . 482 1.842 . 452
F16C/D 2.702 1.388 . 596 1.842 . 480
F20A 2.651 1.300 .462 1.691 . 440
FAILSL 2.593 1. 445 . 509 2.046 . 525
F15C6D 2.410 1.482 . 973 1.998 . 370
F4MO 2.401 1.235 . 587 2.401 . 612
. F15CFP 2.362 1.518 . 573 2.146 .610 i
A F20 2.329 1.310 . 462 1.691 . 502
MIR200Q0C/T 2,251 1.316 . 566 1.461 .497
FlSAéB 2.247 1.367 . 509 1.998 . 588 !
F16CSC 2.103 1.414 . 340 1.632 . 539 ‘
MIR4000 2.068 1.430 . 515 1.709 . 594 j
KFIRC7 2.035 1.292 379 1.432 . 509 ‘
F4EF 1. 944 1.120 . 410 1.936 . 616 ‘
i
6.2  Force Propagation
6.2.1 General Comments
The technical combat potential of air weapons systems is only realized in their employment. The force
propagation side of the air combat potential equation addresses those factors which govern the quantity of
available technical potential which a national air force might generate under optimum conditions in spe-
cific missions areas. As noted earlier, no attempt will be made to assess the relative operational. com-
mand and control, or support proficiency of individual nations in this study. Those factors constitute ter-
tie ground for research, and values derived from such research could modify the suboptimal results
produced here. In this effort, operationai, command and control, and support capabilities will be assumed
to be equal.

Accepting this assumption, four elements need to be considered in assessing an air force s propaga- N
tion potential: the numbers of specific air weapon systems on hand, the fraction that will be available for -‘_'."
employment, the role(s) in which they will likely be employed, and the number of times per day which '.j-
they can be flown. The final product of these four elements describes the daily sortie potential (SP ) for .
each system in its probable combat role(s). To keep the problem manageable, sortie potential will be q

: calculated for a single day, representing the first day ot combat. Surge operations are postulated over a 13 ;
N hour flying day, with no combat or maintenance losses considered and all non-essential mauntenance
. dcferred.2 While these conditions are unrealistic, they serve the purpose of defining the outer boundary of

Sdbpddb bbb e

2 . : . . .
“ A detailed combat assessment model would have to include the effect of multi-day operations. losses,
and maintenance deferrals. Operations analysts regularly emplov methodologies which consider these

and other vanables in analyzing specitic cases. However, the construction of a detailed combat model
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a nation’s force propagation potential.

6.2.2 Available Inventory in Role
The number and type of aircraft on hand were tabulated in the the air inventory file along with an indira-
tor of the paimary mission to which they are assigned. Also in the file was an operational availability rate
estimated at the force level.? Determining the number of aircraft available for employment is sunply a
matter of multiplying the system inventory in a given year (INV,) by the operational availability rate
(OAR). For instance, of the 32 F-16C’s Israel will possess in 1988, 29 would be available for combat at
an operational avaiabtlity rate of 0.9.
Allocation of aircraft to employment roles (AL,) is a bit more cumbersome. Unit employment codes
are geared to a generic mission category (e.g., fighter ground attack) which, for the most part. subsumes
two mission areas (interdiction and close air support in the case of ground attack fighters). One unit type,
multi-role fighter (FMR), encompasses all four. Without a specific combat scenario, aircraft are allocated
equally across mission areas, with two notable exceptions. Bomber aircraft are cast only in an wnterdiction
role, their effectiveness in close air support being suspect. Israeli F-15's assigned to multi-role units arc
assumed to perform primarily in the air-to-air roles for which they are best suited and not at all in the
close air support role.t To acknowledge their deep interdiction potential, 20 percent of the available
Israeli F-15's are allocated to that role. The remainder are equally distributed between the air defense and
fighter missions. In equation form, operationally available inventory in role (Ol ) is calculated,
Ol, = INV,*OAR*AL,

The number of IAF F-15C’s allocated to the fighter role on a combat day in 1988 would be computed,
Olggg = (32*.9*.4)
Olygg = 11.5.

6.2.3  Sortie Rates
The number of mission area sorties an aircraft can flv in a given day (SRr) is determined by the length of
the flying day (LOD), the duration of the mission (.\IDr), the time the aircraft spends on the ground taxi-

ing f‘?‘d*wg,(.c.;;rﬁ;?md the time required to accomplish necessary maintenance (MT).? Other factors
Fhrdptdist bt +

is beyond the purview of this research project and would outstrip its resources.

In actuality, each svstem would have differing operational availibility rates. If credible operational
availability’ data could be gathered across the spectrum of svstems and countries being considered. they
would provide a more refined product. In their absence, a gross torce level estimate will have 10 suf-
fice.

The F-15 1s too expensive and umquely capable an air-to-air system to be thrust into the heavy ground
detense environment which contronts CAS mussions.

Operations_analysts at Northrop s Aircraft Division generously provided the outline of a simplified
technique for estimating sortie rates.  Their sugeestions were essential indentifving the relevant tactors
and presenting a potential computation tormula. Appendix B to Epstein Measuring Military Power
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associated with availability of parts and supplies are also important, but will be assumed to be be equal
across forces in this study. The length of the flying day has been stipulated to be 15 hours. Mission
duration varies considerably as a function or environment and mission role. The environment was
assumed to be equal for all forces and missions. Nominal mission durations were assigned subjectively by
category. They ranged from a low of .75 hours for a close air support mission to a high of 2 hours for a
deep interdiction mission. It is recognized that these values would be significantly different in a coniron-
tation between Israel and Syna as opposed to one between Egypt and Libya, where greater distances
would come into play. The mission durations used in these calculations represent regional averages and
can be easily modified for country specific analyses. Ground time was estimated to be 45 minutes for air-
to-air missions and 75 minutes for air-to-ground missions, which require more elaborate arming.
Three factors needed to be considered in estimating maintenance time ior an aircraft flying a particu-
lar mission (.\ATr): the hours flown on the mission (MD), the man-maintenance hours required to sup-
port one flying hour for the aircraft (MMHFH), and the maintenance personnel available for each aircraft
(MXP). Since these had all been compiled previously, it was left to insert them in the equation,
MT, = (MD *MMHFH);MXP
To demonstrate its use, values for a MiG-21JKL operated in a fighter role by the Syrian Air Force are
inserted in the equation.
MTg = (1.5%18)/10.45
MT, = 2.584
Thus, just over two and one half hours of maintenance time would be required between each mission.
If the effectiveness of maintenance personnel were to be considered, the MXP term would have to be
modified by the support quality factor extracted earlier. This indexed value (lsrael= 1) would be applied
to the denomunator in the formula. In the case of Syra, the support quality index value is .600. Conseq-
uently, the maintenance ground time for the same MiG-21JKL in a fighter role would increase to 4.306
hours if the force quality indicator were included. Unfortunately, the force quality values are low-
confidence estimates and will be employed just to demonstrate their effect.
The determination of a potential sortie rate for an aircraft and mussion combination tn the context of
a 15 hour flying day is a matter of inserting the above identified values in the equation,
SR, = LOD(GT_ +MT_ +MD,)

To again use the example of the Svrian MiG-21JKL in the tighter role,
SRy = 5075+ 2584+ 1.3)
SRf = 3103

provided an an alternative methodology. The technique employed here borrows from both.

-t

' s 04

[ PSR R




If the force quality modifier were considered, the potential sortie rate would decrease 1o to less than 2.5

per day.

6.2.4 Sortie Production
The number of sorties which an air force could potentially generate in each mussion area on a gven Jay
can be determined by multiplying the number of aircraft available for a mission area by the system s sortie

rate in that role. In mathmatic notation, the computation 1s,

SP, = Ol,*SR,
Substituting values for an Israeli F-15C in the fighter role in 1988,
SPggg = (11.5*1.7)

Again, the fractional values represent an average and could be truncated if desired.

Table 6.5 lists total one-day sortie production by mission for 21 Middle Fastern and North Afnican
countries in 1988.% The numbers in the far nght column sum the total sorties across mussion roles. The
figures are uncontrolled for maintenance force quality, so some of the sortie production totals are consid-
erably higher than would probably be the case in actual circumstances.

It could be observed that the overall Israeh sortie rate across mussions (2.2) 1s lower than adverused
performance in the Yom Kippur War. This possible anomaly can be explained by three tactors. The
average sortie durations used in the region wide computation are longer than were flown in 1973, and the
flying day is shorter. Additionally, a substantial portion of the Israeli force is allocated 1o the more tume
consuming interdiction and close air support missions. While the Svrians could potentaily (quality of
manpower being equal) produce nearly as many total sorties, the mux is quite ditferent. [srael could ven-
erate nearly twice as many air-to-ground sorties, with Synan sortie production concentrated in the air-to-
air missions. Iraq, Egypt, Saudi Arabia, Algeria, and Jordan, in descending order, are the onlv other
countries in the region with a substanual sortie production capability. With the exception ot Jordan, the
estimates for the other countries in this group would be depreciated significantly if maintenance quality
were included in the calculation. Table 6.5 also illustrates a point often made concerning the relatively
low threat posed by Libya's disproportionately large and duficult to maintain inventory. With a low
operational availability rate and a small native mawntenance pool, Tripoli cannot propagate a credible
number of sorties without cnormous quantities of outside assistance. Several of the Gulf States also show
discouragingly low sortie production, largely as a factor ot smull maintenance pools which have not kept

pace with the influx of aircraft.

e e e e e e e b e e e e e e b e o i e e

6 . . . . .
1 ebanon was omitted from this and other tables, since none of 1ts wrcralt are currently operational and

there are no indications as to when that situation nught change.
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Table 6.5: Daily Sorties By Mission - 1988
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6.3 Combat Force Potential
The ultimate step in the assessment process is to meld the two branches into a value which which cat-
egorizes a nation’s relative potential to conduct combat air operations under the employment considera-
tions stipulated. This step transforms input data into a mission relevant potential combat output. Math-
metically, the process is straightforward.

CFP,, = ACP_*SP .,

where,

nrt

CFPnrt = Combat Force Potential for Country n in Role r in Year t

ACP. = Air Combat Potential for an Aircraft in Role r

SP. 4 = Sortie Production for Country n in Role r in Year t.
Substituting the values for a Syrian Air Force MiG-29 employed in the fighter role in 1988,

CFPggg = 2.057%21.58

CFPgg = .39

Calculations are accomplished for each air weapon system in the inventory. ['he results can be eval-

uated individually or aggregated for the entire national force. Table 6.6 lists the 1988 combat force poten-
tial assessments for the Israeli and Syran Air Forces in 1988, In this table, the quality of the respective

maintentance forces is assumed equal. Torce totals are surnmed at the bottom of each column.
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) ,
"‘ Table 6.6: Comparative Force Potential - 1988 ! ;
> .
- AIRCRAFT INVEN TYPE ADX FTR INT CAS ; N
ISRAEL ‘
N A4H 18 FGA ) 0 8.33 25.71
x A4N 50 FGA 0 0 26.26 77.19
F15A 18 FMR 51.72 26.72 6.49 0
-~ F15B 2 OCU 5.72 2.96 .72 0
F15C 32 FMR 114.27 59.97 14. 54 0
. Fl6A 62 FMR 73.41 55.93 42.79 116.13
F1l6B 8 oCcu 9.47 7.23 5.55 15.10
Fl6C 54 FMR 99.45 61l.49 44,60 111.29
F16D 8 oCU 14, 66 9.06 6.61 16.51
F4EF 100 FMR 80.12 49.90 39.71 115.33 |
KFIRC2 120 FMR 111.00 84.61 77.93 188.33 |
KFIRC7 72 FMR 98. 19 70.22 58.41 132.12 | 2
i TOTAL 544 658.01 428.09 331.94 797.91
SYRIA
MIG17F 36 FGA 0 0 7.59 23,18 |
MIG21F 72 FIN 76.87 65.21 0 0 ;
MIG21JKL 84 FIN 112.61 94, 66 0 0 |
MIG21UM 20 0CA 22.49 19.03 0 Q ;
MIG23B 24 FIN 25.80 17.23 0 0 }
MIG23E 48 FIN 43,13 33.24 0 0 !
MIG23F 70 FGA 0 0 19. 09 53.95
MIG23G 36 FIN 44,13 29.24 0 0 !
MIG23UM 10 0CG 0 0 0 9.45
MIG25 38 FIN 36. 44 23.20 0 0
MIG29 24 FIN 77.67 44, 39 0 0 .
Su22 42 FGA 0 0 32.60 75.23 :
Su25 24 FGA 0 0 9.28 28.47 | p
TOTAL: 528 439. 14 326.20 68.56 190. 28 b
Note: Undepreciated for Maintenance Quality
ht
Reflecting back to Table 6.5 which showed the two countries with nearly equal undepreciated sortie “
production, the impact of air weapon system quality is vividly demonstrated. While Syria could poten- R
S tially generate 30 percent more air defense sorties than Israel in a single day of surge tlying, the quality of :
its aggregate output in that mission category is one-third less. Roughly 60 percent of Syra’s air defense K
force is comprised of older MiG-21 aircraft, while the least capable Israeli aircraft flving the mission is the
F-4EF, an aircraft which has significantly greater target acquisition and pavload capabulitics. Lven the
projected addition of two squadrons of MiG-29's to the Synan inventory is not enough to offset the
’ advantage accruing to Israel through superior air weapons system technology. Table 6.6 also illustrates

Syna's relative impotence 11 providing air support to its ground forces. Even with the SU-23 added to its

Sl
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inventory, Synian capabilities in the interdiction and close air support roles are dwarted by the lsraeli
potential. The Israelh MATMON B air development plan. drafted in the wake of the [973 War. estab-
lished creation of an air force capable of stnking with overwhelmuing power anvwhere 1n the regon as a
prime goal. This analysis reflects the attainment of that goal. As wul later be seen. the [AF has buidt an
air-to-ground capability unmatched by Syna or any other countrv in the regon.

If the estimated quality of maintenance support 1s considered, the margin ot [sraehi supenontyv 1n all
mission areas becomes even more pronounced. Table 6.7 depicts 1988 combat potenual Jdepreciated tor
maintenance qualjty.7 The IAF would have almost a 2:1 superionity measured in Aur Combat Potential
Units in the combined air-to-air missions and nearly a 6:1 margin over Syna in the air-to-ground roies.

Loocking to the region as a whole. Table 6.8 depicts the aggregated 1958 combat potential scores for

8 Any number of observations could be drawn :rom tius

21 Middle Eastern,North Afncan countries.
chart. Overall, projected air combat potential development for all countries except Israel appears to have
focused primarily on the creation of credible air defense and air superionty capabiitics. Syna, Saudi Ara-
bia, Iraq, and Egypt all will have amassed significant air-to-air combat potential by 1958 under projected
acquisition plans. Development of commensurate air-to-ground capabtlities has lagged. Two factors
contnbute. First, the aircraft, current and projected, acquired by Soviet clients in the region sunply tral
their western produced counterparts in air-to-ground potential. Second. the pnmary western supplicr. the
United States, has demonstrated a political reluctance to export sigruficant quantities of capable ar-to-
ground aircraft to states which might pose a potential threat to Israel.

As a result, the combined air forces of Syna, Saudi Arabia, Jordan, and Iraq stll fail to attain the
levels of interdiction and close air support potential credited to Israel in 1988.7 1t should be noted that
mission capabilities are not operationally matched in combat, with the possible exception of air superion-
ty, and do not exist in a vacuum. Thus, the combined Arab lead in air defense potential should be oper-
ationally considered in .thc context of Israeli interdiction potential. Simuilarly, the prepondcrance of Israeli
close air support capabulity is partially offset by the numencally superior ground forces Arab states could
theoretically commuit.

In the cntical Persian Gulf, the Saudi acquisition of the Tornado package will boost its capabilities,

in asscociation with other members of the Gulf Cooperation Council. to a position of panty with the

.......

Since the measure of maintenance quality is indexed to the Isracli raw value, the Isracli tigures are
unchanged trom the previous table.

8 A full listing of nationally ageregated combat potential scores differentiated by mission tor the 1984 -
. 12 Iy aggreg : p )
1990 time frame can be tound in Appendix G.
9 This cx;lmf)le does not imply that the combined combat potential of those Arab states could be
cumulatively brought to bear against [srael. Although such an asssertion is occassionaly made m tinng
the political kettle. it consitutes a logistic, command and control, and intra-Arab political unpossibility’
- 115-
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Table 6.7: Comparative Force Potential - 1988 ]
AIRCRAFT INVEN TYPE ADX FTR INT CAS 1
-TORY |
|
ISRAEL
| i
A4H 18 FGA 0 0 8.33 25.71
| A4N 50 FGA 0 0 26.26 77.19
F15A 18 FMR 51.72 26.72 6.49 0
F15B 2 OCU 5.72 2.96 .72 0 |
F15C 32 FMR 114.27 59.97 14, 54 0 |
Fl6A 62 FMR 73.41 55.93 42.79 116.13 |
F16B 8 OCU 9.47 7.23 5.55 15.10
F1l6C 54 FMR 99.45 61.49 44.60 111.29
F16D 8 OCU 14. 66 9.06 6.61 16.51
F4EF 100 FMR 80.12 49.90 39.71 115.53
KFIRC2 120 FMR 111.00 84.61 77.93 188. 33
KFIRC7 72 FMR 98.19 70.22 58.41 132.12
TOTAL 544 658.01 428.09 331. 94 797.91
SYRIA
MIG1l7F 36 FGA 0 0 5.69 18,50
MIG21F 72 FIN 57.76 48.07 0 0 !
MIG21JKL 84 FIN 84.61 69.77 0 0 1
MIGZ21UM 20 oca 16. 90 14.03 0 0 ,
MIG23B 24 FIN 17.78 11.70 0 0 J
MIG23E 48 FIN 29,90 22,69 0 0 !
MIG23F 70 FGA 0 0 13.00 38.72
MIG23G 36 FIN 30,42 19. 86 0 0 ;
MIG2Z23UM 10 0CG 0 0 0 6.87
MIG25 38 FIN 25.58 16.03 0 0
MIG29 24 FIN 56,07 31.48 0 0
suU22 42 FGA 0 0 23.22 56.90
su25 24 FGA 0 0 6.91 22.56
TOTAL: 528 319.02 233.63 48.82 143.55

that which could be generated by Libva without tremendous assistance frem the Soviet Bloc. To the
south, Sudan’s potential in all missions is modest and does not match the air-to-ground potential available
to Ethiopia, while Somalia lacks a significant capability in all but the close air support roles. Across the
Bab-el-Mandeb, North Yemen would clearly require assistance from Saudi Arabia to contest South Yem-
en’s superionty in all mission areas. Finally, there is no doubt that Algena will maintain a dominant air
position in the Maghreb. The Tunisian and Moroccan air forces are simply too small and too undere-

quipped to pose a credibie match.

_____________________________________________________
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Table 6.8: Combat Mission Potential - 1988

COUNTRY INVEN- ADX FTR INT CAS
TORY %
Algeria 266 69.17 50.88 15.85 59.68 :
Bahrain 12 1.93 1.53 1.16 3.72
Egypt 419 202,51 145, 21 36.58 107.27
EEhiopia 150 0 0 12.29 38162
Iran 47 25.55 15.63 25.80 66.35
Iraq 556 247. 39 190. 79 64.85 177.67
Israel 544 658.01 428.10 331.95 797.91
Jordan 130 46, 34 32.53 43.73 152.29 !
Kuwait 89 16. 37 11.55 2.98 17.76 f
Libya 530 25, 86 17.22 8.99 30.49 f
Moroccu 93 0 0 34.25 114.47 :
Oman 50 14,26 8.90 8.438 37.89 ,
atar _ 22 0 0 1.99 6. 14 :
audi Arabia 214 226.26 120. 31 71.53 199. 05 |
Somalia 64 3.45 2.79 2.290 8.35 !
Sudan 49 7.11 5.91 5.29 20.81
Syria 528 439, 14 326.21 68.55 190. 29
Tunisia 22 0 0 6.07 23.56 \
UAE 67 26. 30 15. 14 3.21 16.03
North Yemen 73 3.39 2.71 2.66 8.05
South Yemen 104 19.38 13.01 5.67 16. 27 |
! Note: Undepreciated for Maintenance Quality |
|

i
|

6.4 Summary

These thumbnail analyses are representative only and by no means exhaust either the relevant questions
pertaining to air development in the region or the analytical potential of the assessment methodology.
Further examples will be offered in Chapter 7 which exercise these application attributes. What this
chapter has demonstrated is that an analytical regimen which countenances the combined contributions of
technical capability and force propagation to potential output in specified air combat roles is a viable
assessment tool. The elimination of any one of these considerations (technical potential, mission rele-
vance, propagation potential) leads to conclusions which lack military and, to some extent, political rele-
vance. One may quarrel legitimately with individual input values in this data set and with the assump-
tions under which they were combined; but there can be no argument as to the essentiallity of their
consideration in an analysis which attempts to measure the effect of weapons transfers on national ar

combat capabilities or regional balances.
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Chapter 7
POLICY ASSISTANCE APPLICATIONS

The goal of this research was to develop a military analysis tool which could assist policy makers in
developing, evaluating, and supporting security assistance packages. The mechanism has been described
and implemented and some individual results highlighted, but its efficacy in producing decision relevant
data still needs to be established. The model as it stands produces results dictated by the input data and
underlying assumptions. As such, its output is static and conceivably unresponsive to the problems. pri-
onties, and perceptions of a user evaluating a specific security assistance question. In Chapter 1, it was
noted that a model which could not be molded to meet user defined criteria would inevitably fail 10 gen-
erate policy relevant results. To avoid this pitfall, features have been included in this methodology which
permit user directed modifications of assumptions and, in many instances, of input data. This chapter will
demonstrate the sensitivity of these features in evaluating a security assistance question and suggest some

additional categones of questions to which it could be directed.

7.1 Criteria

E. S. Quade, in his discussion of the role of analysis in supporting policv decisions. posits a cvcle which
an analytical regimen must transit. He describes a ten step process which begins with the determunation
of analytical objectives and criteria, flows through data collection and model design, applies the model to
assessing alternatives for evaluation and interpretation, and ends with the reassessment of assumptions and
alternauves for reintroduction into a subsequent analytical phase. Without delving into the paradigm s
elements too deeply, two key concepts bear mention in the context of this effort. Most signiticantly. the
analytical process is iterative. [t must accommodate the introduction of evolving alternatives and chang-
ing assumptions if it is to present the decision maker with options pertinent to his problem. The model
which it employs must, therefor, be adjustable at each phase of its operation. The interpretation of ana-
Iytical output demands decision maker participation, the effcctiveness of which is largelv a product of his
appreciation of the methodology's assumptions, input data, and combinational scheme. To question and
change any of these essential elements. the decision maker must have access to them and be able to muke

alterations to sutt his rcquiremcnts.l The methodology proposed for assessing the impact of air weapon

' See Quade. Analvsis for Public Decisions, pp. 30-66 for a thorough discussion of the steps in policy

analysis and thewr interrelationships.
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which permit the decision maker not only to test alternatives but also to alter the conditions under which

they are tested.

The analytical example offerred in the next section 1s geared to illustrate the methodology's flexibility
in responding to hypothetical decision maker directed changes at various junctures in the analytical pro-
cess. In particular, the capability to modify input data and underlying assumptions is emphasized, along
with the potential to denve new alternatives and evaluate their etfectiveness. Methodological results will
be interpreted strictly on their own merits, recognizing full well that the actual interpretation process

would by necessity involve a host of considerations exogenous to the model.

7.2  Enhancing Jordanian Air Combat Potential
Rather than trekking through a senes of discrete problems. this example will consider a single secunty
assistance question and its permutations. The secunty assistance dilemma presented by Jordan's require-
ment for an advanced air defense fighter embodies many of the elements which confound arms transter
policy makers. Jordan is a long- time American arms client whose strength and stability are cntical to
regional secunity. It is threatened sporadically by a much more powerful neighbor, Syra, whose Soviet
patronage and radical tendencies are antithetical to Washington's regional objectives. Jordan is also puta-
tively threatened by Israel, whose policy of aggressive deterrence includes regular overtlights of Jordanian
terntory. Coanversely, Jordan 1itself is viewed as a threat by Israel, Amenca's closest allv in the regon.
Consequently, any security assistance to Jordan must be evaluated not only in the context of its own
defense but also in terms of the potential threat it poses to [sraeli security.2

From a military perspective, Jordan is highly vulnerable to incapacitating air attacks from either of its
more powertul neighbors. Much of its industry is concentrated in along the Dead Sea: 60 percent of 1ts
agriculture 1s confined to the eastern Jordan Valley; and its economy 1s highly dependent on free access to
the port of Agaba. Its power and water supplies are Likewise inviting air targets. Both the Svrian and
“Israell air forces currently have the capability to overwhelm Jordan's air defense svstem. and those capa-
bilities will increase over the next five vears as new systems are introduced. The air component of Jor-
dan's air defense system 1s currently limuted to 38 Mirage F-1 B C E’s, with which Amman is not entirely
satisfied.

Against this admittedly sketchy backdrop, the clements of a question to which the air capabilities
methodology could be applied can be drawn. In 1953 Amman requested United States assistance

enhancing its wir defense capabilities to counter the projected threat nto the [990 s, One compenent of

See Cordesman. Jordanian Arms and the Middle East Balance. pp.39-42. for a discussion of threats 1o
Jordan and incidents ot [sraeli overthehts, This example widl not treat the political dynamics ot the
problem or become cmbroiled in the debate of who threatens whom.  The intent of tus section i~ 1o
Jemenstrate methodologeal flexibility. not to evaluate Middle Fastern political questions. The mtlu-
encee ot political perceptions and objectives would be applied outside of the methodology,
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the package was a request for 40 air defense ﬁz_z,hters.3

The American response is currently adnft in a
political maelstrom, and it is not the intent of this illustration to reenergize it or advocate particular alter-
natives. Nonetheless, the Jordanian air defense enhancement request provides a demanding vehicle with
which to flex the proposed analytical methodology. What pertinent questions are tractable to quantitative
military analysis? First, it can evaluate the relative combat potential of alternative air weapon systems in
the projected employment environment. Second, it can test the impact each alternative makes on national
air capabilities. Third, it can assess the effect of the proposed arms transfer on the regional military bal-
ance under varying scenarios. In the Jordanian case, the first problem is to identify and evaluate the ar-
craft and configurations feasible for transfer under the constrictions imposed by the terms of the request

and American transfer policy.

7.2.1  Aircraft Alternatives

Two aircraft are likely candidates to meet Jordanian requirements: the F-16C and the F-20A. In defer-
ence to probable political restrictions, it is hypothesized that the aircraft would have to be configured in
such a way as to preclude their effective employment in an air-to-ground role. Further, the transfer of a
capability to launch radar guided air-to-air mussiles is stipulated as being destabilizing vis-a-vis Israel* It
might be remembered from a previous chapter that modified versions of the F-16C and the F-20A have
already been configured in the stuay data set, identified as the F-16CSC and F-20 respectively. The
F-16CSC is equipped with the AN/APG66 radar which does not have the capability to illuminate targets
for radar air-to-air missile guidance. Additionally, the CCRP/CCIP feature of the fire control system has
been omitted to complicate effective air-to-ground ordnance delivery. The AN/APG67 radar associated
with the F-20 has been similarly imited, with options to support BVR radar guided missies and enhance
ground tracking capabilities eliminated. Both systems will be configured for the air-to-air role with four of
the latest export version of the Sidewinder (AIM-9P), which lacks a foreward hemisphere engagement
capability. To extend the frame of reference, a French aircraft, the Mirage-2000C, 1s also evaluated on the
surmise that it mught be an alternative from the Jordanian perspective if Washington denied Amman s
request. Of course, the French alternative would not be subject to U.S imposed constraints: so its con-
figuration was not altered from that already exported to other Middle Eastern states. Air-to-air combat
potential scores were computed for each aircraft using the techniques, assumptions, and data discussed in

earlier chapters. The results of the initial inquiry are displayed in Table 7.1.

....................

3 See Gordon, ‘Administration Urges Congress to Accept Arms Sale to Jordan', for a description of the
requested arms package and its supporting rationale.

* It needs to be clearly understood that these particular assumptions and other like themn ated i this
example are included for the purposes of illustration only and do not correspond 1o U.S. government
policies, perceptions, or practices.
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1
Table 7./: Combat Potential in Air-to-Air Roles j

AIRCRAFT AIR DEFENSE POTENTIAL FIGHTER POTENTIAL:
F-16CSC 1. 541 1.734 '
F-20 1.933 2.125
Mirage-2000C 2.522 2.130

Note: Scores computed with system defaults ;

As a reminder, the numbers shown represent units of air combat potential (ACPU’s) credited to the
air weapon system alone. ACPU'’s are relative measurements within the confines of the study data set.
They do not connote absolute values of independent merit. The higher scores awarded the F-20 in rela-
tion to the F-16CSC are primarily the products of a more effective radar and a lower vulnerability to
engagement. The fact that the F-20 has a greater gun ordnance capacity also plays a marginal role in
producing higher ACPU ratings. These factors offset the relative superiority of the F-16CSC airframe in
both roles. The Mirage-2000C garnered the highest ratings largely because of its equippage with radar
guided air-to-air missiles, which are afforded a high relative utility in the air defense mission. In reviewing
the initial findings, note that the assumptions under which the default relative utility values had been
established were predicated on a nominal regional employment environment which did not correspond
entirely to the situation facing Jordan. Given the compact defensive environment, it is probable that the
range attribute is overemphasized, as is the relative utility of radar guided air-to-air mussiles. To correct
this deficiency, utility values were adjusted to lessen the impact of range and radar missile capabilities on

the overall computation. The results of the second iteration are displayed in Table 7.2.

|
Table 7.2: Combat Potential in Air-to-Air Roles - Revised !
}
f

AIRCRAFT AIR DEFENSE POTENTIAL FIGHTER POTENTIAL
F-16CsC 1.703 1.737
F-20 2.133 2.134
Mirage-2000C 2.432 2.147

Note: Scores computed with revised utility wvalues

While the Mirage-2000C stil receives superior scores due to its multiple missile type carnage, its

margin of superiority lessens as a function of the lower relative utility awarded the radar guided missiles.




The impact of the changed utility values on the comparison between the F-16CSC and F-20 is negligible,

although both score higher as a result of the modifications. If the inquiry were terminated here, it would
appear that the F-20 represents a more favorable American alternative when only air-to-air applications
are considered. It is also evident that either American alternative is inferior to the Mirage-2000C when
combat potential is considered under asymetrical political constraints in an employment vacuum. Of

course, only the first step in the inquiry has been completed.

7.2.2  Force Structure Impacts

The next challenge is to measure the effect of the proposed transfers on the Jordanian air defense force
structure. To accomplish this task, additional information needs to be extracted from the data set and
modified in accordance with inquiry objectives. First, alternative air inventories must be formulated.
According to a least one report, the first F-20s could be delivered within 2.5 years of a decision, with the
full package in place within 5.5 years. Initial F-16CSC deliveries would be delayed an additional year.
Information concerning Mirage-2000C production schedules was not available, so it was assumed first
deliveries could take place within three years of an order. For the sake of the illustration, it was postulat-
ed that all deliveries would be completed by 1990, a risky assumption in the case of the F-16CSC, but one
which is suitable to the demonstration. In deference to data base Limitations, it will be assumed that the
notional analysis is being conducted in response to the initial request, with a decision anticipatcd betore
the end of 1985.

Based on the above, F-20's were introduced into the Jordanian inventory begining in 1988, with all
40 delivered by 1990. All 40 F-16CSC’s were also forecast to be in place by the end of that vear, as were
all the Mirage-2000C’s, the delivery of which would have begun in 1989. The results of the force level
computations are displayed in Table 7.3 Again, a couple of reminders might be useful. The capabilities
embodied in the transfers under study are integrated into a pre-existing force structure, so the Air Combat
Potential Unit ratings constitute aggregated totals. Additionally, the force level computations include a
sortie generation algorithm which considers an aircraft’s maintenance requirement (man maintenance
hours/flying hour) and mission specific sortie lengths. Consideration of these factors creatcs even greater
differentiation among the options than was exhibited when the sterile air weapon system ratings were
examined.

Regarding thus table, additional dimensions of the assessment process come into focus. First. the
earlier availability of the F-20, if accurate, provides a more immediate pavoll. Second. the low mante-
nance overhead associated with the F-20 permits a higher sortie generation rate which more than com-
pensates for the higher weapon systemn scores received by the Mirage-2000C. On the basis of this torce
level analysis, 1t appears that the [F-20 represents the most etfective air-to-air combat chowee tor the Roval

Jordanian Aur Force, even when the French option is considered.
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Table 7.3: Jordanian Air-to-Air Combat Potential - Options 1

1988 1989 1990 [

F-16CSC_Package :
Air Defense 45.67 45.67 100. 34
Fighter 32. 35 32.35 82.71

Total Air-to-Air 78.02 78.02 193.05 ‘

F-20 Package }
Air Defense 78. 14 109.93 152.32
Fighter, . 57.24 81.96 114.92

Total Air-to-Air 135. 38 191. 89 267.24 '

Mirage-2000C Package \
Air Defense 45.67 100.92 137. 30
Fighter . 32.35 64. 46 85.76

Tofal Air-to-Air 78:02  185.38  223.06 ;

Note: Computation used unmodified data and system defaults 1

7.2.3 Modifying Assumptions and Packages

7.2.3.1 Alternate Assumptions

Upon reviewing these results, the user might again decide that some of the input data need further revi-
sion. For instance, it could be observed that the maintenance requirement for the F-20 (15 MMILFH) 1s
not derived from an evaluation of fielded systerns and might be overly optimistic and that the F-16CSC

5 Consequently, the maintenance figure for the F-20 could be

estimate (23 MMH/FH) is a bit pessimustic.
raised to match user perceptions and the F-16CSC estimate lowered. Table 7.4 displays the results of a
computation when the maintenance requirement for the F-20 is raised by four hours and that for the
F-16CSC is lowered by two. The recomputation places the F-16CSC in a more competitve position in

the 1990 time frame with the Mirage-2000C, although the F-20 still enjoys a definmite advantage.

Fhddb e bbb

5 This statement in no way is meant to impugn the cstimates made by any arcraft producer. These
variations are included sofely to demonstrate methodological tlexabality.
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Table 7.4 Jordanian Air-to-Air Combat Potential - Revised i
1988 1989 1990 |
F- 16CSC Package :
Defense 45,67 45,67 120.98
hter . 32.35 32.35 86.01
%al Air-to-Air 78:02  78.02  206.99
F- 20 Package
1r Defense 75.91 106. 15 146. 47
hter 53.56 74.78 103.07
o al Air-to-Air 129.47 180.93 249. 54 ‘
Mirage-20Q0C Package ‘
Alr Defense 45.67 98. 30 133. 39
Fighter 32.35 64. 54 85.99
Total Air-to-Air 78.02 162. 84 219. 38
Note: Computation used modified airframe and force level data.

7.2.3.2 Alternate Package Composition

On the basis of these preliminary findings, it could be hypothesized that the F-20 package merits addi-
tional evaluation. Table 7.5 portrays the impact of the 40 aircraft F-20 package on overall Jordanian torce
potential, this time including the air-to-ground assets. Jordanian interdiction and close air support capa-
bulities are provided primarily by 56 F-SE’s. CASA C-101's (14) join the inventory beginning in 195S 1o
accomplish the counterinsurgency mission, which is subsumed into close air support in these calculations.
The calculations used in compiling this and subsequent tables incorporate the assumption and data revi-

sions postulated earlier.

Table 7.5: Jordanian Air Combat Potential
1988 1989 1990
Air Defense 75.91 106.15 146. 47
Fighter 53.56 74.78 103.07
Inferdiction 43.73 44,45 44,45
Close Air Support 152.29 158.12 158.12
Total 325.50 383. 50 452.11

For the sake of this demonstration, an assumption could be made that proposal of a <40 aircraft

package would be politically inopportune but that a smaller complement might be palatable. Recognizing
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Jordan's precarious security situation, it might be advisable to couple the reduced package with assurances
of American support in case of Syrian aggression. While this hypothesis is a bit far-fetched politically, it
would reduce [sraeli sensitivities to the proposal while bolstering Jordaman confidence. A tentative secur-
ity package was envisioned which would limit the number of aircraft to 24 but which would pledge
American air refueling support for air defense missions and supplementary maintenance support for all
F-20’s in the case of war with Syria.6 Under this proposal, 12 F-20's would be delivered in 1988, with an
additional 12 the following year, mirroring the original delivery proposal. No further deliveries would be

accomplished. The results of this notional formulation on Jordanian air combat potential are depicted in
Table 7.6.

Table 7.6: Jordanian Air Combat Potential - U.S. Support

1988 1989 1990 ;

Air Defense 87.02 123.05 123.05 !
Fighter 56.32 80.29 80.29 ;
Interdiction 43.73 44,45 44,45 |
Close Air Support 152.29 158.12 158.12 ;
Total 339.36  405.91  405.91 ;
J

The impact of aerial refueling and supplementary matntenance (20%) support can be seen most
clearly in the air defense scores for 1988 and 1989. Potential air defense combat output in each of these
years is significantly enhanced by the combined effects of increased endurance and greater maintenance
resources. Fighter mission capabilities are less noticeably affected, since tankers would not be committed
to support air superiority missions. However, the figures in the 1990 column indicate that these support
enhancements will not fully compensate for an inventory reduced by 40 percent, even though they do
make a dent in the potential deficit.

In realistic terms, this particular security assistance arrangement might be a pipe-dream, but the
potential to evaluate such complex hardware and support combinations is inherent in the analvtical
methodology. One more flexibiiity exercise will be conducted before moving to the regional stablity
issue. Acknowledging that Jordan is confronted with a relative deficit not only in air defense assets but
also in ground attack resources, a final question is to evaluate the impact of the contemplated F-20 trans-
fer insofar as it would permit the Jordanian Air Force to shift other assets to ground attack misstons.

Specifically. the F-20's might conceivably replace the current contingent of Mirage F-1's in the air-to-air

R D e S

According to the manufacturer, the F-20 can be couipped with an optional refucling probe.
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mussions, with the latter re-roled as ground attack assets. Table 7.7 depicts the results of that investiga-

tion.

Table 7.7: Jordanian Air Combat Potential - F-1's Re-roled
1988 1989 1990 .
Air Defense 75.91 60.48 100. 80
Fighter 53.56 42.43 70.72
Interdiction 43.73 64. 37 64. 37
lose Air Support 152. 29 207.12 207.12
Total 325.50 374. 40 443.01

In this instance, the 37 F-1C,E’s were reassigned to air-to-ground missions in 1989 after the first 24
F-20’s had become available for air-to-air operations. Note the substantial drop in air defense and fighter
capabilities in 1989 which is only partially rectified with the arrival of 16 additional F-20's in 1990. At the
same time, Jordan's interdiction potential would increase by approximately 50 percent, with close air sup-
port capabilities climbing a more modest 25 percent. Given the Jordan's vulnerability to air attack and
the relative supenionity of its neighbors, such a conversion would be unlikely, but its effects can be fore-

cast.

7.2.4  Assessing Regional Stability

Of course, force potential computations are only of passing interest when viewed outside their employ-
ment context. The next series of assessments places a proposed 40 aircraft F-20 sale to Jordan in two f:
threat environments. The first assesses the relative combat balance between Jordan and its allies against .

its most threatening neighbor, Syna.

7.2.4.1 Jordan and Allies Versus Syria

At the outset, it is important to recollect that the ratings represent the balances of relative potential tor a
single day of combat. They are unmodified by considerations of operational proficiency or c3l support
and should in no way be construed as predictors of combat outcome. They are static rather than dvnamic
indicators of potential combat effectiveness. To further explore svstem capabilitics, it will be assumed that
Saudi Arabia and [raq will provide Jordan limited air support in a confrontation with Svria. Amman s
notional allies will retain all air-to-air assets for their own protection and will contribute a portion i Iraq.
30", Saudi Arabia, 30”%) of their interdiction resources for attacks against Svna. No allied close air sup-

port assets will be considered, since the command and control difficulties involved are be prohibitive. [he

balance of air combat potential under this scenano is shown in Table 7.8. X
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Table 7.8: Jordanian/Syrian Air Combat Balance - Allied Support
. 1988 1989 1990
Jordan and Allies :
Air Defense 75.91 106. 15 146. 47
Fighter 53.56 74.78 103.07
Interdiction 60. 66 60. 66 60. 66
Close Air Support 152. 29 158.12 158. 12 |
Syria
ir Defense 439.14 434,23 244,74 |
Fighter 326.21 310. 59 347. 32
Interdiction 68.55 69.40 65.60 |
Close Air Support 190. 29 192.93 181. 34 i

Syria’s preponderant superiority in air-to-air combat potential is clearly demonstrated. Its air-to-
ground potential is considerably more modest, virtually on a par with that of Jordan and its allies. 1low-
ever, the comparisons which really count in this evaluation are those between the mission roles. Syrian
air defense forces have such a significant combat potential that the relatively weak interdiction effort which
Jordan and its allies could launch would not likely be any more than marginally effective from a muilitary
standpoint. Similarly, the probability of Jordan maintaining air superiority over the battlefield would be
remote, given the overwhelming Syrian supenority in the fighter mission category. The inability to credi-
bly contest Syrian air superiority would severely curtail the potential effectiveness of Jordan's close air
support assets, even though they are on a relative par with Syria’s. On the plus side, the combination of
Jordan's bolstered air defense potential and Syria’s low interdiction potential distinctly diminishes the air
threat against key targets within Jordan. All other factors being held constant, the addition of advanced
aircraft to Jordan's air defense arsenal might well deter a Syrian air attack but would still not be sufficient

to carry the air war to Syria or to offset Syrian ground force superiority.

7.2.4.2 Jordan and Allies Versus Israel

A second threat environment which must be adressed, albeit reluctantly, involves war between the Arab
Confrontation States and Israel. The first problem is to define which states fit in the Confrontation cat-
egory, and the composition is by no means clear. Since the study is concerned with military potential and
not rhetoric, the Arab posture will be construed less effusively than is sometimes the practice. Svria is the
Arab hub; and Jordan will be included only insofar as the assessment concerns the impact of arms sales to
it. Additionally, Iraq and Saudi Arabia will be assumed to contribute the same level of support as was

postulated in the previous scenario against Syria. With Egypt militarily and politically neutralized by the

Camp David Accord, this line-up seems to constitute the least unreasonable of the potential threats to
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lsrael.7

Table 7 9: Arab:lsraeli Air Combat Balance
1988 1989 1990 [
Jordan and Allies |
Air Defense 526.16 494,71 645.56
Fighter 382.53 353.02 418.04 | he
Interdiction 165. 86 187.28 183. 48 ‘ g
Close Air Support 342,58 400. 13 388. 46 i \
[
Israel |
Air Defense 658.01 669. 14 646. 84
Fighter 428. 10 434,92 419.70
Interdiction 331.95 328.01 363. 10
Close Air Support 797.91 780,51 746,92

Looking at Table 7.9, combined Syrian and Jordanian air-to-air combat potential will approach that

possessed by Israel at the end of the decade.3

Relative panty in the air-to-air roles would be predicated
on Syria’s acquisition of four squadrons of MiG-29’s and two squadrons of SU-27’s by 1990 and Jordan s
receipt of the F-20 arms package. Israel will continue to hold a clear edge in air-to-ground mussion
potential, compensating for numencal inferiority on the ground. Evaluating the situation across mission
areas, the picture is less clear. The Arab potential to conduct successtul interdiction operations against
Israel proper in the face of the IAF’s substantial air defense capability is m:gljgiblc.Q In the same regard,
evolving Arab air defense potential might attenuate the hitherto unchallenged Israeli potential to conduct
deep nterdiction operations at will. Over the battletield, air superionty potential would suggest a virtual
3

standoff if other factors such as pilot skill, maintenance proficiency, and C-l are held constant. EFven
when this matchup is deemed a wash, Israeli capabilities to provide air support to ground torces measura-
bly outstnip Arab potential to do the same. In a final comment, the organization and tramung ot the
Israelh Air Force give it considerably greater flexibility in asset allocation. With F-16s, I'-4’s, and. to a
lesser degree, F-[5's assigned to umts with multi-role responsibilities, assets can be emploved in combina-

tions tailored to a particular threat scenario rather than according to the static allocations used in this par-
g L AR

7 From a E?litical vantage point, the inclusion of Iraq and Saudi Arabia in a collegial etfort with Syma is
e.

improbable. From a military perspective, Jordan's participation would be suicidal with Feyvpt on the
side-lines. This example 1s illustrattve only, not predictive or even plaustbic.

In this an other force level examples, the reader will note that total combat potential actually decreases
in some Years. The seemingly countenntuitive observation is a function of the replacement {owe which
decrements obsolete aircraft in unit sized increments q/ter new acquisitions become available, When
tabiuated annually, this procedure creates some inventory overlaps which would disappear 1f invento-
res were tabulated on a monthly or quarterly basis

Recognizing the Arab defiait in interdiction assets, Jordanian Mirage IF-1's are commtted to air-to-
ground roles in this assessment of the threat to Israel.
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ticular c:ompmation.10 For instance, multi-role fighter could be withdrawn from the air defense mission
to gain air superiorty or to launch massive interdiction campaigns if the combat situation warranted.

To insert the impact of another dimension, quality of maintenance support, Table 7.10 depicts the
same force balance when sortie generation potential is depreciated for relative support personnel proti-
ciency. While the specific support index values might be challenged, there is no serious argument that
Arab maintenance capabilities are on a par with Israel’s. As can be seen from Table 7.10, the relative
balance between the IAF and the combined Syrian and Jordanian Air Forces disintegrates when support
personnel quality is considered. A further diminution of Arab potential would surely result from any

appraisal which considered operator and c3i proficiency as well, either quantitatively or subjectively.

Table 7.10: Arab/Israeli Air Combat Balance - Depreciated ‘

) 1988 1989 1990 |

Jordan and Allies |
Air Defense 344.77 365.08 473.70
Fighter 251. 56 256.92 303.39

Interdiction 140. 47 127. 84 138.53 |

Close Air Support 317.62 324,75 315.70 |

Israel

Air Defense 658.01 669. 14 646. 84
Fighter 428.10 434.92 419.70

Inferdiction 331.95 328.01 363.10 i

Close Air Support 797.91 780.51 746.92 |

|

7.2.5 Conclusions
This string of analyses demonstrates the responsiveness of the proposed methodology in analyzing the
military aspects of a security assistance case under a varety of assumptions. The model proved usetul in
assessing the relative merits of system alternatives, defining their impact on force structure, and evaluating
their effect on stability in a regional context. Most importantly, the potential for user interaction at each
phase of the process was exercised, altering computational inputs to accommodate differing perceptions or
priorities. In this light, analytical output constitutes a flexible and comprehensive input to the interpreta-
tion and deliberation process.

Using the findings from this hypothetical example, for instance, one might observe that the transter
of a package of 40 F-20’s configured for air-to-air operations is the most effective practicable response to
Jordan’s requirement for a modern air defense fighter. The F-20's would create the potential by 1990 to

defend agamnst Synan air attacks on the vulnerable Jordanian heartland while not providing sutlicient

N e S
10

Those allocations can be changed within the model to reflect differing threat perceptions. although
thus was not done 1n the current example.
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capabilities to support offensive Jordanian air operations against either Syria or Israel. The sole threat
such a transfer appears to pose to Israel is to diminish the potential effectiveness of Israeli interdiction )
operations. When depreciating factors such as the quality of maintenance support are considered, even ;
this impact on Israeli secuirity is negligible. ;; .

It goes without saying that these quantitatively based observations are insufficient evidence on which
to predicate a transfer decision. Rather, they must be melded with assessments of other rulitary factors

such as ground based air defense capabilities, ground force combat potential. and a basket of international :

e

and domestic political considerations before a comprehensive policy can be elicited. Nevertheless. the
type of quantitative military analysis capability demonstrated here is an essential element in the process.
This fact demands that it be firmly grounded technically and methodologically, be visible to and accessible

by the user, be adaptable to alternate configuration and computational assumptions, and capture the

SAEARMMOY ]
\

impact of security assistance programs on recipient combat potential output and regional balances. As -

T

llustrated, this methodology meets the demand.

. __B

7.3  Other Applications.
Throughout most of this investigation, the spotlight has been on the development and application of an
assessment tool to assist arms transfer policy makers. [t would be remiss, however, not to mention some

additional applications to which it could be adapted. "

7.3.1  Air Intelligence Analysis

The same features which make the methodology viable from a policy assistance standpoint are germane to
some aspects of air intelligence analysis. There 1s no doubt that its focus on combat potential permits a
more relevant portrayal of air capabilities evolution than does an analysis tethered exclusively to invento-
ries. The ability to consolidate the combined influences of aircraft attributes and subsvstems is even more
valuable. The cumulative effects of the strengths and weaknesses of an alr weapon svstem's parts are
assessed all too infrequently in intelligence analyses which are boresighted on a handful of system charac-
tenistics. In the same vein, the impact on combat potential of upgrades to aircraft subsystems can be -
evaluated discretely or at the force level, as can alterations to force specific attibutes such as mission allo-
cation or maintenance support. The iterative capability is likewise pertinent to the process of estimating
future threats under a varety of scenarios and force structures. As in the case of arms transfer policy
assistance, the methodology i1s not sufficient in and of itself to capture the full range of tactors which
determune threat. Ilowever, it provides exponentially more comprehensive input data to the threat

assessment process than does a mere listing of orders of battle and 1solated performance charactenstics.




7.3.2  Operations Research/Analysis

Standing alone, the methodology lacks the element of dynamic interaction inherent in most operations
analysis models. While the latter are capable of stepping through multiple series of force on force combat
simulations, many rely on categorical or nominal input data. Since force quality is an integral element in
most operations analyses, system and force specific combat potential values generated by a methodology
such as the one proposed in this study could supplant nominal measures at the tront end. While no fea-
sibility tests of this application have been conducted, it appears to be a productive avenue for additional
inquiry.

7.3.3 Microcomputer Processing

Throughout the discussion, several substantive and procedural defects in the air combat potential meth-
odology have been flagged as requining further development. One additional deficiency is the fact that the
model as currently constituted is cumbersome to operate. It was constructed on an [BM 3033 mainframe
computer, using the Statistical Package for the Social Sciences (SPSS) processing system. While this
combination provides a powerful and flexible processing environment, input data and combinational
algorithms are not readily accessible to or modifiable by the casual user. For instance, each of the analyt-
wcal iterations described in the previous section required reprogramming of the logic and utility values in
several different computational modules. The procedure is effective but demands intimate famliarity with
the data sets, access procedures, and programs. To that extent, system transparency is beclouded. Initial
tests on data sub-sets suggest that the system could be installed profitably on a microcomputer outfitted
with data base management and spreadsheet software.

Conceptually, a hierarchy of menu-like screens could channel processing in the direction(s) desired by
the user and make the information which he required for a specific inquiry immediately available. Using
dBase-1I as a test vehicle, a series of menu screens were constructed, the options listed in which linked the
user to specific data files. Files were arranged to correspond to the progression of analvtical nodes
descnbed in Chapter 3 (e.g., airframe, target acquisition system, inventory). Employing the file edit capa-
bulity, input data could be altered and sub-sets reserved for eventua) introduction into the computational
(spreadsheet) phase. Computational variables (e.g., relative utility vanables, modifying vanables) were
established as Took-up’ tables in the spreadsheet (LOTUS 1-2-3) and could be inspected and altered by
the user pnor to score calculation.

In execution, these procedures proved conceptually sound but tedious and at times frustrating. {ser
visiviity and interaction were enhanced, and the requirement to delve into <pecific programs was climi-
nated. However, processing was lmited to segmented data sets and required the linking of several

spreadsheets. Values for computational variables could be changed with relative case, but evaluating Jit-
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fering configurations or force alternatives required reinitiation of the entire problem definition process. In
effect, the breadboard micro-based model proved only marginally more ‘user-friendly” than the ongnal
system and was more time consuming. One additional deficiency stemmed from the fact that factor scor-
ing could not be accomplished using the system configuration available. To add a new system or subsys-
tem to a microcomputer file required regeneration of the expanded file on the mainframe system with
resuits downloaded to the micro.

Several of the problems experienced in attempting to adapt the analytical methodology procecded
from the technical limitations inherent in the micro itself (Z-100 with 192K, no hard disk}. Others
undoubtedly reflect the researcher's relative unfamiliarity with applicable micro software. Given these
factors, it would be imprudent to abandon the effort to adapt a version of this methodology for micro-
computer operation. With a more powerful processor and more flexible data base management software.

the creation of a truly user-interactive analytcial system is eminently achievable.
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. Chapter 8
SUMMING UP

The objective of this research effort has been to develop a methodology which permits the assessment of
the aggregated impact of air weapon systems transfers on recipient air combat potential and regional mili-

tary balances. At the outset, it was established that a viable methodology would have to meet six criteria:

. The methodology must be oriented toward combat relevant output not system input.
. The contribution of weapon subsystems to combat potential must be addressed.
U Comparison between aircraft in definable mission roles and among aggregated national forces is
essential.
. Input data must be valid, accessible, and free from bias.
. Analytical procedures must be transparent and purged of sources of systemic error.
o . Analytical assumptions must be clearly delineated and amenable to user designated vanation.

8.1 Analytical S¢ructure
To insure compliance with the first three criteria, a matrix was developed the key elements of which con-
A stitute the components implicated in assessing force air combat capability. Two essential elements, air
weapon system performance and force propagation potential, were positioned at the apex of the frame-
work. They were divided into the subcomponents which define their basic dimensions. Along with the
various categories of subsystem, the air weapon system performance group included a family of factors
which related the subsystems in terms of configuration and combat utility. On the force propagation side
of the ledger, inventory, mussion allocation, and sortie generation subcomponents were identified. The
importance of intangible factors such as operator proficiency and o support was acknowledged but their
consideration deferred to other research efforts. Each subcomponent thus identified was further divided
into the performance attributes which contribute to its operation. These were in turn subdivided nto the

variables which descnibe those attributes.

8.2  Data Collection
The articulated analytical structure constituted the data collection matrix. While absolute validity was
compromised by the requirements to consider only unclassified data and to estimate values for some

unknowns, multiple sources were cross checked to develop the most accurate values possible. When data
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were unavailable, they were estimated using the most accurate technique which could be supported. In
some instances, specific data values are consequently open to challenge. While the inaccuracies are
lamentable, they are not fatal to the evaluation technique 1itself and can easily be revised in subsequent
applications. Measurement biases were munimized by closely scrutinizing observation conditions and
adjusting reported values to a common measurement plane. Certain artifical constraints were established
to expedite the process. Only fixed wing aircraft with direct combat application in recent or future Middle
Eastern combat scenarios were considered. Since the methodology aimed to support the development of
future arms transfer policies, national air combat inventories were anchored with known data from the
past two years and projected out to 1990.

The final air weapon system data set consisted of performance and configuration data on 125 aircraft
and aircraft variants, 52 target acquisition systems, 41 air-to-air missiles, and 36 aenal guns. The configu-
ration data set mated subsystems to aircraft and addressed those performance relevant characteristics (e.g.,
navigation system) for which quantitative values were not available. A unique data set was collected to
determine the relative utilities of attributes and subsystems in definable combat roles. A panel of 235
fighter experts familiar with Middle Eastern air operations was poiled to ascertain their views on the rela-
tionships which obtain among attributes and subsystems in four different mussion areas. The results were
synthesized statistically and recast as relational vanable values to be employed during the weapon system

combinational phase.

8.3  Data Aggregation

To wdentify a data reduction and aggregational methodology which produced the most comprchensive
results unintluenced by systemic bias, off-the-shelf aggregational methodologes were evaluated to identify
their asvets and lhabilities. Factor analysis stood out because of its ability to consolidate multiple vanables
Into common attribute pertormance measures. However, 1ts combinational logic 1s haphazard when
applied at the weapon system level, and its output measures are not legitimate candidates for aggregation
at the force level. Multi-attribute utility technique produces a judement based combinational matrix but
is admurustratively unweildly and naturally applicable only to rano level data. The weighted lincar aggre-
gation technique developed by The Analytic Sciences Corporation incorporates expert judgment and pro-
cesses data of any measurement level but cannot accommodate multi-vanable attributes and is insensitive
to performance vanations withun broadly defined subsystem categones. Whatever its strengths or weak-
nesses, cach methodology demonstrated the cnticality of solid and comprehensive data input to the pro-

duction of meaningful results.
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Capitalizing on the strengths of existing approaches, a hybrid methodology for data reduction and
aggregation was implemented. Factor analysis was employed to create relative index values for attnbutes
described by multiple variables. Targeted at the attribute level, this minimalist version of the factor anal-
ysis methodology purged the indices of extraneous variable influences. Ratio properties were restored 10
the indices through the utilization of a zero-valued control case the factor score for which constituted a
threshold from which other scores in the data set could be scaled. Vanables described by nominal values
were not included in the factor problems to preclude their distorting influences but were reserved for
introducti “n in the aggregation process.

The computational phase itself was adapted with a few major varnations from the linear equations
developed by The Analytic Sciences Corporation. The process was initiated at the bottom of the analyt-
ical ladder, combining subsystem attributes. Expert assigned values for nominally descnibed vanables were
used to modify the raw attribute scores extracted from the data reduction phase. Attribute scores were
combined in accordance with their relative air combat utilities in each mission area. An analogous proce-
dure was followed at the subcomponent and component levels, with the computations not only consider-
ing relative utility values but also conforming to specific air weapon system configurations. The product
is a set of relative combat potential scores (Air Combat Potential Units) for each of the 125 air weapons
systems in whatever mission roles were appropniate.

Force propagation values were computed in a somewhat different fashion. National aircraft invento-
ries, mission allocations, operational avaiability rates, maintenance requirements, and maintcnance
resources were considered in a series of equations which computed the sortie generation potential for cach
possessed air weapon system in those roles to which it would likely be committed. To illustrate the
impact of personnel force quality on sortie generation, an additional force level factor, the relative support
index, was also injected into selected force propagation equations. Since the variables on which the sup-
port index was predicated are considered ‘soft’ surrogates for personnel quality, its general application is
not recommended. However, its profound influence testifies to the requirement for such intangibles to be
considered objectively or subjectively in force propagation and air combat analysis.

In the ultimate computational step, air weapon systern mission potential and national force propaga-
tion potential were mated to produce an estimate of a country’s air combat potential in four mission roles
on a single day of flying. All of the modifving and relative utility values involved in weapon system and
torce level calculations are explicit and can be modified by the model’s user to reficct differing combat
scenanos or prionties. This feature was installed to permut user visibility and control over mcthodoloyical

functions. This model is not a ‘black-box’.
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- 8.4 Results :
'.:: The results of the aggregation phase were reviewed to determine their efficacy both at the air weapon sys-
::’_ tem and national force levels. The results conformed to intuitive assessments and poignantly demonstrat-
- ed the desirability of employing a analytical scheme which aggregates the cumulative effects of system and
2 force subcomponents on specific mission outputs. To further exercise the model, a phased analysis of a
- specific arms transfer proposal (advanced air defense fighters for Jordan) was conducted. The model :
showed itself to be responsive to the type of modifications a decision maker might stipulate in evaluating X
: specific weapon system alternatives, weighing their contribution to force capabilities under varying condi- ]
tions, and analyzing their impact on regional military balances under differing conflict scenarios. :
8.5 Evaluation iy
The air combat potential aggregation methodology proposed in this study is a powerful and flexible i
. mechanism with which to analyze the composition, benefits, and liabilities of air weapon systems transfers
individually and at the force and regional levels. However, the methodology is far from perfect possessing
. some drawbacks which are easily surmountable and others which might prove impervious to systematic
» solution. The most prominent strengths and weakness of the of the proposed model, arranged according i
to study criteria, are outlined below. -
. Throughout, the focus on mission relevant combat output was maintained. However, the linear :-»
= combinational form and the absence of key combat related intangibles produce results which are
. static indicators of undepreciated potential. According to the aircrew survey, technical potential B
determines approximately 35 percent of combat effectiveness. Consequently, model output cannot :
legitimately stand alone but must be incorporated with other analysis which addresses the the
) remaining 65 percent of the question. :;.
' . The model effectively captures the performance attributes of the most prominent aircraft subsys- 2
tems and their relative combat utility under varying scenarios. In doing so, it permuts the evalua-
. tion of specific configurations and subsystem alternatives. The picture could be further sharpened if .
; equipment-specific quantitative values for electronic wartare equipment, air-to-ground ordnance, -
' and fire control computers could be integrated. 1
. Methodological output is composed of ratio level measurements which can be aggregated into a -
virtually infinite vanety of combinations to permit compansons across any spectrum.  [owever. the
. measurements are not absolute and are rcievant only in relation to other values denved from the

same data set and analytical model.
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] The data reduction and aggregation methodology is transparent and free of crippling systemic bias.
Two drawbacks are the requirement to reprocess data sets statistically to determine new relative
attribute values as systems are added to the data set and the linear computational form noted in an
earlier comment.

. Methological assumptions and limitations were underscored throughout the discussion. The more
important assumptions are represented mathmatically in the computational equations and can be
modified to accommodate revised assumptions or priorities. Given the prototype’s processing
environment, making these adjustments is at present a decidely complicated and ‘user-unfriendly’

task.

8.6  Suggestion for Further Development

The methodology’s underlying philosphy, analytical framework, and combinational scheme are valid and

extendable to other regions, categories of weapons, and analytical problems. But first some enhancements

are required to shore up its validity and applicability.

L A classified data base should be created and expanded to include additional aircraft, subsvtems, and
regions. This process would obviate inaccuracies and permit application to other Thrid World
regions.

. Analytical subsets addressing clements of the ground air defense environment could also be intro-
duced into the model relatively painlessly to permit analysis of a complete air combat picture.

. A mucrocomputer based version of the analytical methodology should be developed permitting
direct user interaction. The feasibility of a menu driven micro-based system has been demonstrat-
ed; so this objective can be readily realized given the appropriate equipment and software expertise.

. Of greater complexity is the development of algorithms which capture the synergy among system
and force components. One possibility is to attempt adaptation of existing air combat simulations
to define an alternative non-linear aggregational scheme.

. Integration of combat relevant intangibles is a similarly complex challenge. Reliable mathmatical
representations might not prove possible, but the influences of operator proficiency and the like can
be reasonably assessed by weapon system and regional experts and applied subjectively in inter-

preting model output.
8.7  Conclusion

The air weapon system potential model is not a predictor of combat outcomes, but it does provide the

decision maker with finely textured and responsive static indicators of individual weapon system and force
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potential. These indicators are essential points of departure in evaluating the military dimension of secur-

ity assistance options. With the enhancements described above, the methodology developed in this

Y

research effort represents a productive vehicle for intelligence community participation in the security

assistance policy development process.
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Appendix A
FILE DESCRIPTIONS

Middle East Combat Aircraft File

NAME
ACFT
ROLE

SPAN
SURF
ARWNG
EWGT
MWGT
CWGT
WLOAD
FWGT
FUFRAC
MAXPWR
TWPWR
ASPD
SPECENA
PSFL100
CSPD
LSPD
SPECENS

VARIABLES ON THE ACTIVE FILE

DESCRIPTION

AIRCRAFT NAME

CATEGORY

VALUE EL
MAT BOMBER-GROUND ATTACK

FTAT FIGHTER-GROUND ATTACK

FTTA FIGHTER/TRAINER- GROUND ATTACK
FTIN FIGHTER- INTERCEPTOR

FTTI FIGHTER/TRAINER INTERCEPTOR
FTMR FIGHTER-MULT E

FTTM FIGHTER/TRAIN -MULTI ROLE
FTRE FIGHTER- RECONNAISS NCE

FTTR FIGHTER-TRAINER

MIAT MISCELLANEQUS-GROUND ATTA

MITA MISCELLANEOUS/TRAINER GROUND ATTACK

WING SPAN (FT)

WING SURFACE (SQ FT)

WING ASPECT RATIO

EMPTY WEIGHT (LBS)

MAXIMUM TAKEOFF WEIGHT (LBS)

COMBAT WEIGHT (LBS)

COMBAT WING LOADING (LBS PER SQ FT)

INTERNAL FUEL (LBS)

FUEL FRACTION

MAXIMUM THRUST (LBS)

THRUST TO WEIGHT RATIO

MAXIMUM AIRSPEED FL360 (KTS)

SPECIFIC ENERGY AT ALTITUDE (FPS)

EST SPECIFIC EXCESS POWER FL100 M.9

CLIMB SPEED SEA LEVEL (FPM)

MAXIMUM AIRSPEED SEA LEVEL (KTS)

SPECIFIC ENERGY AT SEA LEVEL (FPS)
- 139 -



SSPD
LIMG
TURATE
SCEIL
FRANGE
CRANGE
AIRAD
GARAD
NGUN
CAL
ROUNDS
STNS
MAXORD
VGW

STALL SPEED (KTS)

COMBAT G LIMIT

EST TURN RATE AT SL (DEG PER SEC)
SERVICE CEILING (FT)
FERRY RANGE (NM)

COMBAT RANGE (NM)

AIR INTERCEPT RADIUS (NM)
GROUND ATTACK RADIUS (NM)
NUMBER OF INTERNAL GUNS
CALIBRE OF GUN(S)

ROUNDS GUN ORDNANCE
NUMBER OF WEAPON STATIONS
MAXIMUM ORDNANCE (LBS)
VARIABLE GEOMETRY WING
VALUE LABEL

YES
0 NO

VARIABLE CAMBER WING
VALUE LABEL

1
0




A.2

.....

Middle East Target Acquisition System File

NAME
TAME
CODE

PWR
CONE
UPRNG
DWNRNG
DATAPTS
TWS

ILLUM

DBS

ECCM

VARIABLES ON THE ACTIVE FILE
DESCRIPTION
EQUIPMENT NAME
EQUIPMENT TYPE
VALUE LABEL
TRAI IR SEARCH-TRACK
LAGA GROUND ATTACK LASER
RAAT AIR INTERCEBT RADAR
RAGA GROUND ATTACK RADAR
RAMU MULTI-PURPOSE RADAR
OUTPUT POWER (KW)
SEARCH AZIMUTH (DEG)
RANGE-CO OR HI ALT TGT (NM)
RANGE-LO ALT TGT (NM)
DATA POINTS REPORTED
TRACK WHILE SCAN
VALUE LABEL
NO
1 YES
CW ILLUMINATION
VALUE LABEL
0 NO
1 YES

GROUND MAPPING
VALUE LéBEL

0 N
1 YES
DOPPLER BEAM_ SHARPENING
VALUE LABEL
0 NO
1 YES
ECM SUSCEPTIBILITY RATING
VALU LABEL
VERY HIGH
HIGH
AVERAGE
LOW
VERY LOW

—~OWoN
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A3

Middle East Air-to-Air Missile File

NAME
MSL
CODE

PRODCC
DIAM
LENGTH
MSLWGHT
GUIDTYP

GUIDSC
WHWGHT
FUZE
MAXHRNG
MINHRNG
MAXTRNG
MINTRNG
MSPD
LIMG
ECCM

EFFHRNG
EFFTRNG
MODE

VARIABLES ON THE ACTIVE FILE

DESCRIPTION
MISSILE NAME
MISSILE TYPE
VALUE LABE
AAMT
AAMR
PRODUCER COUNTRY CODE
MISSILE DIAMETER (IN)
MISSILE LENGTH (IN)
MISSILE WEIGHT (LBS)
TERMINAL GUIDANCE MODE
VALUE LABEL
ACTIVE RADAR

CG COMMAND GUIDED
EQ ELECTRO_OPTICAL
IR INFRARED

LASR LASER GUIDED

SARH SEMIACTIVE RADAR

GUIDANCE SCORE

WARHEAD WEIGHT (LBS)

NUMBER FUZE OPTIONS

MAXIMUM HEAD-ON RANGE (NM)
MINIMUM HEAD-ON RANGE (NM)
MAXIMUM TAIL-CHASE RANGE (NM)
MINIMUM TAIL-CHASE RANGE (NM)
MAXIMUM SPEED (MACH)

G LIMITATION
$CEUSUSCEETIBILITY

E

.7 VERY LOW
.8 LOW

.9 AVERAGE
1.0 HIGH
1.1 VERY HIGH

EFFECTIVE HEAD-ON RANGE
EFFECTIVE TAIL-CHASE RANGE
MISSILE %OCK ON MODE

VALUE AB
VISUAL RANGE ONLY

VR
BVR BEYOND VISUAL RANGE
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A.4 Middle East Aerial Gun File
Si VARIABLES ON THE ACTIVE FILE
: NAME DESCRIPTION

GUN GUN DESTIGNATINR
CODE GUN TYPE
VALUE EL
AAAG ANTI-ATIRCRAFT_ GUN

ACCE ACFT CANNON EXTERNAL
ACCI ACFT CANNON INTERNAL

PRODCC PRODUCER COUNTRY CODE

CAL CALIBRE (MM)

MRNG MAXIMUM EFFECTIVE RANGE (NM)
DISP DISPERSION (MILS)

MVEL MUZZLE VELOCITY (FPS)

RATE MAXIMUM RATE OF FIRE (SPM)

.........
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2 A.5 Middle East Air Weapon System Configuration File
VARIABLES ON THE ACTIVE FILE

" NAME DESCRIPTION
ACFT AIRCRAFT NAME
: CODE AIRCRAFT TYPE
- PRODCC PRODUCER COUNTRY CODE
) CREW CREWMEMBERS
ARC AIR REFUELING CAPABLE
VALUE LABEL
NO
1 YES

NAVCAT NAVIGATION CATEGORY
VALUE LABEL

DOP DOPPLER NAV_ SYSTEM

DR DEAD RECKONING

GPS GLOBAL POSITIONING SYSTEM
INS INERTIAL NAV SYSTEM

TAC TACAN TYPE SYSTEM

RWR RADAR WARNING RECEIVER
VALUE LABEL
: 0 NO
- 1 YES
: PECM PASSIVE ELECTRONIC COUNTERMEASURES
- VALUE LABEL
N NO
5 1 YES
N AECM ACTIVE ELECTRONIC COUNTERMEASURES
. VALUE LABEL
0 NO
1 YES
AAMR PRIMARY RADAR AAM
NAAMR NUMBER RADAR AAM
AAMI PRIMARY IR AAM
NAAMI NUMBER IR AAM
GUN INTERNAL GUN
PGMC PRECISION GUIDED MUNITIONS CARRIER
VALUE LABEL
0 NO
| 1 YES
SA STABILITY AUGMENTATION
VALUE LABEL
0 NO
1 YES
\ HUD HEAD UP DISPLAY
VALUE LABEL
0 NO
1 YES

CRP RELEASE POINT COMPUTER
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TARAD
TAOTH
MMHFH

VALUE LABEL
0 NO
1 YES
RADAR TGT ACQ SYSTEM
SECONDARY TGT ACQ SYSTEM
MAN MAINTENANCE HOURS PER FLYING HOUR

- 146 -




[ AR

A

A.6  Middle East Air Order of Battle 1984-1990 ~
VARIABLES ON THE ACTIVE FILE :

pSS

" NAME DESCRIPTION "
- cc COUNTRY CODE g
- VALUE ~ LABEL :
: AG  ALGERIA g
b BA  BAHRAIN :
EG  EGYPT :
ET  ETHIOPIA -
IR  IRAN : -
IS  ISRAEL
Iz IRAQ
JO  JORDAN :
KU  KUWAIT X
LE  LEBANON N
LY  LIBYA .
Mo MOoRrOCCO '
MU MAN
S
A AUBT aRaBIA
- SO  SOMALIA
: su gUDAN
IC  UNITED ARAB EMIRATES !

TUNIS
YE NORTH YEMEN
Y5 SOUTH YEMEN

ACFT AIRCRAFT NAME
EMCODE LIKELY EMPLOYMENT ROLE
VALUE LABEL
BMR BOMBER
CIN COUNTER-INSURGENCY
FGA FIGHTER-GROUND ATTACK
FIN FIGHIER- INTERCERTOR
FMR FIGHTER-MULTI R
OCA OBNL CONVERSION-ATR-TO-AIR
0CG OPNL CONVERSION-GROUND ATTACK
0CM OPNL CONVERSION-MULTIROLE
REC RECONNAISSANCE
TNG TRAINING N
INV84 1984 INVENTORY ]
INV85 1985 INVENTORY :
INV86 1986 INVENTORY ;
INV87 1987 INVENTORY *
INV88 1988 INVENTORY :
: INV89 1989 INVENTORY I
" INV90 1990 INVENTORY -
MXRAT MAINTENANCE MAN/ACFT RATIO _

OAR OPERATIONALLY AVAILABLE RATE
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MIDDLE EAST AIR WEAPON SYSTEMS DATA

Airframes
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Appendix C
AIRCREW SURVEY AND RELATIVE UTILITY VARIABLES

C.1  Aircrew Survey
AIRFRAME COMPONENT

1. What is the relative utility of the following airframe gerformance
factors in achieving combat success in the roles indicated?

Mission Top Useful + Maneuver- + Combat = 100%
Airspeed ability Endurance

Alr Defense

Fighter

lnterdiction

Close Alir oSpt :

PAYLOAD COMPONENT

2. What is the relative utility of each of the listed weapons tXPeS in g
achieving success in air defense and fighter missions respectively?

Mission Infrared + Radar Guided + GUN 100%
AAM ! AAM

-

!
!
!
Alr Defénse;
Fighter g

——eweme o=
[ YT Yy
smrmomrmsmes |

3., What is the relative utility of each of the listed weapons types in‘’
achieving success in interdiction and CAS missions respectively?

Guided + GUN
Munitions

Freefall
Munitions

Mission 100%

!
!
!
Interdiction ;
Tlcse Air Spt. ;

+
!
!
!
!
!
!

L R i T T
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TARGET ACQUISITION COMPONENT

4. What is the relative utility of each of the listed target _
acquisition methods in achieving success in the mission aréas listed?
Assume that no more than 10% of the operations will_be conducted at :
and that weather will not glay a limiting role. Judge the -
target acquisition were available. p

PR A A

ht, . 3
sifuation as if all three types o

Mission Visual + Radar + Other = 100% N

! ! (IRSTS, LASER) :

Air Defense ; X

Fighter ! ! 2

Interdiction ; ! :
Close Air Spt : :

VULNERABILITY TO ENGAGEMENT -

5. What is the utility of each of the following factors in reducing an .
aircraft's susceptibillty to engagement during each of the mission R

gy gs?) Consider 'size as a reciprocal measure (i.e., the smaller the
etter).

Close Air Opt

Mission Top Useful + Maneuver- + ECM + Size/ = 100% -
Airspeed ; ability ; Signature ; -
ATr Defense : : : g 2
Fighter i i i i i
' 1 ' ! .
Interdiction ; ; ; =
i 1 i
! ' ! !
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AIR WEAPON SYSTEM

6. _What is the relative utility of each of the listed components in
achieving mission success in each mission area?

Mission Airframe + Target + Payload = 100%
Acquisition

Alr Defense
Fighter
Interdiction
Close Alr S5pt

EMPLOYMENT FACTORS

7. What is the relative utility of each of the following factors in
assuring the success of the missions listed?

Mission ! Air Weapon + Operator 100%

System Proficiency

Ailr Derense
Fighter
Interdiction
Tlose Air Spt

smemsmr s wemsmrwsmee ||

RESPONDANT INFORMATION
8. Please provide information concerning the following:

Current Aircraft:

Aircrew Rating:

Hours in Current Aircraft:
Total Fighter Hours:

Total Combat Hours:

oo o op
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C.2  Survey Derived Relative Utility Values

AIRFRAME COMPONENT

Mesion f fopUsefel | Mpngever | gamber.,
. Air Defense .42 .29 i .29 !
% Fighter .30 .43 é .27

Interdiction .38 . 26 é . 36

Close Air Spt .21 .38 g .41 i

PAYLOAD COMPONENT

Air-to Air Missions

Mission ! Infrared ! Radar Guided ! GUN !
! AAM ! AAM ! !
1 1 1 §
i i i i
Air Defense ; .31 ; .56 ; .13 }
1 i i i
Fighter ; .39 % . 39 ; .22 ;
Air-to-Ground Missions
Mission ! Freefall Guided ! GUN !
; Munitions Munitions ; ;
P t 1
Interdiction ; . 38 ; .48 ; . 14 ;
i i i i
Close Air Spt. : .28 .31 ; .41 ;

TARGET ACQUISITION COMPONENT

Mission ! Visual ! Radar ! Other !
i ; I (IRSTS, LASER)I
1 t t i
Air Defense ; .20 ; .61 ; .17 ;
1 1 i i
Fighter ; .32 ; .51 ; .17 ;
i i i j
Interdiction ; .39 ; . 35 ; .26 ;
1 ' ] 1
Close Air Spt | .57 1 .13 ! .30 g
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VULNERABILITY TO ENGAGEMENT

tission Tgp,seful | Mangwyer- | EOM | size/

Air Defense .37 .26 g .18 .19 i i

Fighter .28 .32 .18 .22 E

Interdiction .35 .23 .23 .19 i §

Close Air Spt - .19 .39 .20 .22 i .

AIR WEAPON SYSTEM

Mission ! Airframe Egggggition Payload § i

Air Defense .28 .41 .31 E

Fighter .33 .37 .30 E

. i N

Interdiction .27 .37 . 36 ' .

Close air Spt | .27 .34 .39 s

EMPLOYMENT FACTORS !

Mission ! Air Weapon ! Operator ! C3I ! g

: System Proficiency ; Support ; "

Air Defense E .34 .34 é .32 é i
Fighter % .36 ! 41 é 23 é
Interdiction S .39 i .41 g .20 é

Close Air Spt é . 36 ! .43 i .21 i |
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Appendix D
MIDDLE EAST AIR ORDERS OF BATTLE 1984-1990
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EMCODE 1984 1985 1986 1987 1988 1989 1990

ALPHAMS1 TNG 24 24 24 24 24 24 24
CM170 CIN 22 22 22 22 32 22 22
F2f s 3 3 3 3 3 3 3
F5E FGA 14 14 14 12 14 12 12
F5F FGA 4 4 4 4 4 4 4
MIRFIC  FGA 18 18 18 18 18 18 18
MIRF1E  FGA 22 21 21 21 21 21 21
oV10D CIN 6 6 6 3 6 6 6
RF5A REC 12 12 12 12 12 12 12
SF260MW TNG 28 28 28 28 28 28 28

MXRAT= 8.28

OMAN

ACFT EMCODE 1984 1985 1986 1987 1988 1989 1990
BACl67 CIN 12 12 12 12 12 12 12
HUNTER  FGA 17 12 12 6 6 6 6
HUNTERT OCG 4 2 0 0 0 0
JAGII1l  FGA 24 24 24 24 24 24 24
TORADV  FIN 0 0 0 4 8 8 8
OAR= .7

MXRAT= 5.73

QATAR

ACFT EMCODE 1984 1985 1986 1987 1988 1989 1990
ALPHAMS2 FGA 6 8 8 8 8 8 8
HUNTER  FGA 3 2 2 0 0 0 0
HUNTERT OCG 1 1 0 0 0 0 0
MIRFIB  OCG 0 0 2 2 2 2 2
MIRFIC FGA 5 10 12 12 12 12 12
OAR= .6

MXRAT= 1.43

SAUDI ARABIA

ACFT EMCODE 1984 1985 1986 1987 1988 1989 1990
BAC167 NG 40 40 40 20 0 0 0
F15C FIN 46 54 54 54 54 54 54
F15D 0CA 15 16 17 17 17 17 17
F5B GCG 16 16 16 16 16 16 16
F5E FGA 62 65 70 70 54 36 36
FS5F FGA 2 24 25 25 25 75 25
HAWK60T TNG 0 0 0 15 30 ) 30
LIGHTNG FIN 17 17 16 0 0 9 0
RF5E REC 0 0 10 10 10 10 10
TORADV FIN 0 0 0 0 12 24 24
TORIDS FGA 0 0 0 20 36 48 48
OAR= .7
MXRAT= 6.03
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Appendix E
AIR WEAPON SUBSYSTEM FACTOR SCORES
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E.2  Target Acquisition Systems

.
.y
N Glossary
>
s NFSTA = Target Acquisition Effectiveness Factor Score
. NAME CODE NFSTA
AGAVE RAMU . 742
- AIDAII RAGA . 360
. AIRPASSTI RAAI 1.124
" ANTILOPE RAMU 1.432
APG63 RAMU 1.880
APG64 RAMU 2.021
APG65 RaMU 1.374
APG66 RAMU 1.176
APG67 RAMU 1.480
APG638 RAMU 1. 445
APG69 RAMU . 910
APG70 RAMU 2,039
APN153V  RAGA . 596
APQ10Q9 RAMU . 740
APJ120 177
APJ159 RAAT .678
8 AWGY RAAT 2.189
BLUEFOX RaAMU 1.094
YRI RAAI . 798
y CYRII . 894
CYRIV RAATI 1.000
CYRIVM3 1.094
CYRIV2 RAMU 1.09%4
ELM2001B RAMU . 691
ELM2021B RAMU 1.0Q079
ELTAFTAR RAGA . 762
FLANRAD RAMU 1.982
FCXFIRE RAAI 1.214
FOXHUNT RAMU 2.042
FULRAD RAMU 1.092
HIFIX RAMU . 385
HILARKI RAMU . 882
HILARKII RAMU 1.050
HILARKX RAAI 1.233
HOUNDRAD RAAI 1.928
IRSTSB IRAI .491
IRSTSG IRAI . 614
JAYBIRD RAAI . 733
LASDES LAGA . 349
: LASRNG LAGA . 316
; RDAL12 RAGA .488
.. RDI RAAI 1.355
. RDM RAMU 1.379
. SCANFIX RAAL .450 n
SCANODD RAAI .458
SHRTHRN RAGA . 762 s
SKYRNGR RAAI . 568
SPNSCNA RaAI . 484
SPNSCNB RAAI . 484
TI-ATA RAMU 1.160
TI-ATG RAMU 1.355
VISUAL VIMU . 275
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Glossary

NFSVUL

Missile Performance Factor Score
NFSVUL = Vulnerability to Detection/Avoidance Factor Score

CODE NFSPERF

Air-to-Air Missiles
NFSPERF

E.3
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Glossary

/Volume of

CODE NFSRAT NFSEFF
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Appendix G
MIDDLE EASTERN AIR COMBAT POTENTIAL 1984-1990

Depicted in Air Combat Potential Units undepreciated for

maintenance force quality.
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